Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




^^ /d> 



OXFORD MUSEUM. 



\ 



LIBltARY AND READING-ROOM. 



/ 



-♦♦- 



/ 



THIS Book belongs iL the "Student's 

- \ 

/ . \ 



Library." 



It may not be removed from the 

/ . \ 
Reading Roirim without ' permission 



of the Librarian, 



\ 



/ 



\ 



/ 



/ '<ll- A.Jc- 




N 






mq.1 



.3 



OALBRAITH & HAUQHTON'S $CIENTrFIC MANUALS 

Meperimailal and Naturid Seienee Serie». 



MANUAL 
ANIMAL KINGDOM. 

L 

PROTOZOA. 

PROKESSOE J. HEAT GREENE. 



LONDON: 

LONQMAK, OBBBN, LONOUAN, BOBBRTS, & GKEEN. 

isea. 



SUB-KINGDOM 



PROTOZOA. 



THE PBINCIPLES OF ZOOLOGY. 



JOSEPH REAT GKEENE, B.A. 



LOHDOIT: 

LOMQIUN, QBSSS, LONQUAN, S0BE&T8, i QEBETT. 

ises. 



LOHDOV 
PXIVXID BY SPOTTIBWOODI AVD 00. 



PREFACE. 



It has been the Author's aiin to embody, in the 
present Manual, a succinct rSaymi of what is 
known concerning those hunjibler forms of animal 
life which constitute the department of Protozoa : 
and in so doing, he has, as much as possible, 
sought to interpret the observations of others by 
the light which he has gained from the results of 
his own investigations. 

A list of the more important memoirs on the 
Protozoa has been appended to the general ac- 
count of these animals, in the hope that it may 
prove useful to those advanced students who may 
be desbous of entering on their special study. 

Titles are affixed to the numbered paragraphs, 
both with a view to facilitate reference, and also 
to guide the junior student in selecting those 
branches of the subject, with which, on a first 
perusal, it is most desirable that he should be 
made familiar. It will be found, however, that 
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VI FBEFACE. 

the general plan of the work is independent of 
these artificial divisions. 

In treating of the classification of the Protozoa, 
it will be seen that the expressions, doss, order ^ 
family y and genuSy are not here made use of. To 
these terms a definite meaning is, or ought to be, 
always attached, and it would, therefore, be pre- 
mature to apply them to the subdivisions of the 
Protozoa ; the natural groups into which this de- 
partment is resolvable not having been yet deter- 
mined with absolute certainty. 

Since the present work is the first of a series 
of similar treatises, on the several departments of 
the Animal Kingdom, it has been deemed neces- 
sary to prefix thereto a brief introduction on the 
general principles of zoological science. 

Quesn's Collboe, Cobk, 
Mi^, 1859. 
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GENERAL INTRODUCTION. 



ON THE FBINCIPLES OF ZOOLOGT, 

BiOLOOT is that branch of scientific inquiry which 
undertakes to investigate the nature and relations 
of living bodies. It is the object of this science^ 
by a careful study of the several beings of which 
the organic world is composed, to arrive at a 
knowledge of those general " laws " by which it is 
governed. 

Every living being may be regarded from two 
points of view, which it is necessary to distinguish 
clearly from one another. The first of these ex- 
hibits to us living beings as possessing definite 
forms, which, in most instances, are found to be 
made up of a number of dissimilar parts or organs ; 
while the second takes cognisance of the vital 
actions or functioTia which those organs perform. 
That department of Biology which determines 
the former is termed Morphology; that which 
investigates the latter Physiology, Hence the 
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nature of living beings is two-fold — Jlforp^- 
logiccd and PhyavologicaL 

The relations of living beings may, in like 
manner, be viewed mider two distinct aspects, 
namely : 

I. Their relations to one another, i. e, their 
mutual or subjective relations. 

a. Their relations to the conditions in which 
they are placed, L e. their external or objective 
relations. 

We endeavour to express our appreciation of 
the first kind of relations in our attempts to frame 
a natural ClaaaificcUion ; whilst our knowledge of 
the second is involved in a statement of those 
facts from which, it is hoped, we may be enabled 
to deduce the laws of Distribution. 

But what are the characters of living bemgs, 
and how may they be distinguished from the 
members of the inorganic world ? This question 
presents itself for solution at the outset of our 
inquiries, since it is desirable to determine the 
limits of the region which we have undertaken to 
explore. 

To frame a definition of life, is, however, im- 
possible, this agent being only known to us by its 
effects.^ When the so-called vital principle is 
associated with matter^ as in a living body, we 
invariably observe that it confers upon the latter 
a tendency to pass through a series of changes. 
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Such changes ore always definite and follow one 
another in a determinate order. This is the most 
general and characteristic feature of living beings^ 
since matter, of itself, if unacted on from without, 
is incapable of imdergoing any change. 

Other peculiarities, of minor importance, dis- 
tinguish living &om inorganic bodies. Of these, 
the principal have reference to external fcyrm, 
mtemaZ structure^ chemical constitution, and 
mode of increase, 

I. External form. — The figure of living beings 
is always more or less rounded, being bounded by 
convex surfaces. That of inorganic bodies, on the 
contrary, is either indefinite (amorphous), or, if 
regular (crystalline), is, with very few exceptions, 
bounded by angles and right lines. 

a. Internal structure. — The structure of a 
mineral body, provided it be pure and unmixed 
with any other substance, is altogether homo- 
geneovs, consisting throughout of an aggregation 
of similar particles. Such a body, therefore, caji- 
not properly be said to possess any structure 
whatsoever, whereas the body of a living being 
usually consists of several parts, distinct from one 
another, which, again, in their turn, are seen to 
be composed of more minute constituents or tissues, 
these last being yet again resolvable into certain 
ultimate elementary components. Hence their 
structure is said to be heterogeneous, and the ex- 
pression organised bodies has come to be synony- 
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mous with living beings. There are, however, 
some organisms of exceedingly simple structure, 
which offer apparent exceptions to the universality 
of this distinction. 

3. Chemical Constitution. — The body of every 
living being is found to be composed of the essen- 
tial elements, carbon, hydrogen, oxygen, and, 
probably, also, nitrogen, to which other simple 
substances may be superadded. No such uni- 
formity can be predicated of the composition of • 
inorganic bodies. 

4. Mode of increase. — The increment of inor- 
ganic bodies is effected by the addition of similar 
particles to their exterior, while that of living 
beings is due to the aaai/milation of nutrient 
matters received into the substance of their bodies. 
To such a mode of increase, the term growth is 
more properly applied. 

The organic world includes two great groups 
of beings, plants and ani/mals. These agree 
with one another in the possession of the above- 
mentioned characteristics, by which, as a whole, 
they differ from inorganic bodies. They agree, 
also, in their ultimate structural characters. They 
have, moreover, a similar origin, since both alike 
spring jfrom germs, i.e, minute independent living 
molecules, for the production of which parent 
organisms are necessary. How then may they 
be distinguished &om one another ? 
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The larger animals^ especially such as are either 
useful or dangerous to man, and with which, 
therefore, most persons are &miliar, differ so 
much, in the adult condition, from the more con- 
spicuous members of the vegetable kingdom, by 
reason of their powers of voluntary locomotion, as 
also by the anatomical feature of possessing a 
nervous system, that the present inquiry might 
seem, at first sight, imnecessary and even ridicu- 
lous. What resemblance is there, it might be 
asked, between a bird and the tree on which it 
perches, or a cow and the grass upon which it 
feeds? 

But the scientific naturalist is acquainted with 
numerous aquatic organisms, most (though not all) 
of these being of minute size, whose true position 
whether in the animal or vegetable kingdom has, 
of late years, afforded matter for abundant contro- 
versy. Many of these creatures, while presenting 
affinities to undoubted plants, are nevertheless 
capable of executing movements which have 
been fi-equently compared to those of animals. 
Besides, there are other living beings, fixed dur- 
ing the entire period of their lives, whose animal 
nature is not likely to be called in question. Fur- 
ther, several animal forms, universally recognised 
by naturalists as such, exhibit no traces of a ner- 
vous system. 

The presence or absence of locomotive power, and 
of a nervous system, will, therefore, in many cases, 
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be insufficient tests whereby to distinguish plants 
from animals. And the same must be said of all 
apparently more valid distinctions, drawn from 
chemical analysis of their respective tissues. 
There is, in short, no definable character, or 
combination of characters, common to all plants 
and foreign to all animals, or vice versa. 

Some persons, influenced by these considera- 
tions, have gone so far as to assert that there is 
no real line of demarcation between the animal 
and vegetable kingdoms, and that both merge in- 
sensibly into each other. Others have attempted 
to prove the existence of three distinct kinds of 
organised bodies, namely, plants, animals, and in- 
termediate beings. Neither of these extreme 
views can be adopted. The popular opinion that 
there are two and only two great divisions of 
organic forms, distinct from one another, has been 
amply confirmed by the combined researches of 
our most able and trustworthy investigators, who 
believe that a line of separation between these 
two divisions does exist,, though they may not be 
able precisely to define its limits. For it should 
be borne in mind, that the real difficulty now 
under consideration lies, not so much in our ca- 
pability to determine whether any organism which 
may be offered for our inspection be a plant or an 
animal, since this, to any competent and unpre- 
judiced observer, is seldom a matter of impossi- 
bility, but in framing such a definition as will 
embody our abstract conception of those essential 
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and exclusive features^ which sepaxate the or- 
ganic world into two distinct spheres of exist- 
enca 

Nor should it be forgotten that those outward 
manifestations^ which result from the presence of 
a locomotive apparatus and a material recipient 
of sentient impressions^ though not exhibited by 
all animals, are by no means, on this account, less 
worthy of being considered as the most striking 
characteristics of animal life, of which, indeed, 
they are the peculiar products. In this point of 
view they were regarded by Aristotle^ who has 
beautifully contrasted such active operations with 
the profound slumber in which the life of vege- 
tables is plunged. 

But of all the artificial distinctions which serve 
to separate plants from animals, none will be 
found more remarkable than those which are 
based, either on the nature of their respective 
nutrient materials, or the mode in which such 
materials are appropriated. The food of plants 
consists, for the most part, of the inorganic com- 
pounds, ^ater, carbonic acid, and ammonia, to- 
gether with minute quantities of a few mineral 
substances, usually to be found in most fei'tile 
soils. The Fungi, and other parasitic vegetables, 
are supposed to oflfer only apparent exceptions to 
the truth of this statement. Animals, on the 
other hand, require for their subsistence organised 
matter, which has been previously stored up in 
the bodies of other living beings. Again, plants 
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imbibe their nutriment by means of absorbent 
organs situated on the exterior of their bodies, 
while the food of animals is first received into an 
internal digestive cavity, there to be subsequently 
elaborated. And even the greater number of 
those sunple animal beings, in which no definite 
internal cavity can be perceived, would seem to 
have the power of forming one, as it were, extem- 
poraneously, whenever its presence is called for to 
fiEupply the wants of the organism. 

Every animal, as a living being, possesses a 
definite form, which is itself the product of a 
number of definite parts or organs. In the higher 
animals, the number of these dissimilar parts 
attains its maximum. In others, no such com- 
plexity of structure is observable, and there are 
not wanting some animals, whose organisation is 
so exceedingly simple, that any diflferentiation of 
the body into separate parts can with diflGiculty be 
determined. There are also many animal forms 
of comparatively humble position, in which the 
entire fabric consists, not of a few distinct organs, 
each performing its special function, but of nu- 
merous parts similar to one another, and all ful- 
filling the same purpose. Such organisms are 
said to exhibit a tendency to a *^ vegetative (or 
irrelative) repetition of similar parts," ' an expres- 
sion which will be found convenient in practice, 
provided it be borne in mind that the ^^ similar 
parts" are not distinct individuals. 
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The several organs of which animal forms are 
made up are all mutually related^ or, in other 
words, certain leading peculiarities of structure 
are invariably found to co-exist with one another. 
This is termed the " correlation of forms.'* Some 
naturalists, not content with recognising the fact 
of such co-existence, have forsaken the true scien- 
tific method, and have sought to discover a causal 
relationship between the organs thus associated 
together. But morphology furnishes no answer 
to these futile inquiries.^ 

We compare the organs of diflFerent animals 
with a view to ascertain whether they agree in 
structure with one another. When such is the 
case, the corresponding organs are said to be 
** homologous." By some the word ^^ morphology" 
is employed in a restricted sense, to signify the 
study of homologous organs. And it may here 
be mentioned that the term Histology has been 
applied to that branch of morphological science 
which is specially connected with the investiga- 
tion of minute structure. 

When two organs perform the same function, 
they are said to be ^ analogous " to one another. 
It is necessary to draw an important distinction 
between analogy and homology. For it is pos- 
sible that two organs may correspond with one 
another in both structure and function, or in 
structure only and not in function, or again in 
function only and not in structure. 

a 
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Under the title of the " Balancing of Organs " 
some morphologists have sought to establish a 
principle which may lead to the adoption of erro- 
neous conclusions. This principle, rightly stated, 
is as follows: — The excessive development of 
one organ is often accompanied by a proportional 
deficiency in some other organ connected with iL 
But to this rule there are many exceptions, and 
in no case can it be proved that the atrophy or 
deficiency of one organ is the result of the extra- 
ordinary development of the other. 

The several functions, or vital actions, of ani- 
mals may be conveniently arranged under three 
groups, namely : — 

1. Those which are subservient to the growth 
and maintenance of the organism — Functions of 
Nutrition. 

2. Those which have reference to the continu- 
ance of the species — Functions of Reproduction, 

3. Those which enable the animal to perform 
movements and become conscious of external im- 
pressions — Functions of Relation. 

Of these, the Functions of Nutrition and Ee- 
production, being common to all organised beings, 
are sometimes designated *^ Functions of Organic 
or Vegetative Life," while the Functions of Eola- 
tion are distinguished by the title of "Animal 
Functions." 

The lowest form of animal life with which we 
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are acquamted has the power of maintaining its 
existence and increasing in size ; it likewise exe- 
cutes perceptible movements, and gives rise to 
other beings similar to itself. So also is it with 
the most highly organised animal. What then is 
the nature of the physiological distinction between 
both? 

In the simple animal being to which we have 
alluded it can scarcely be said that distinct organs 
exist, all parts of the body appearing to possess 
the power of performing, when called upon, any 
one of the necessary functions. In other animals, 
we recognise the presence of separate instruments 
for the discharge of each of the three great groups 
of functions above enumerated. In others^ again, 
we find that one or more of these is resolvable 
into what may be termed " secondary functions," 
to each of which a special organ has been allotted. 
Finally, we meet with animals in which this "spe- 
cialisation " of the functions and multiplication of 
dissimilar parts reaches its utmost extent. When 
such is the case, it is not difficult to show that the 
various vital actions are accomplished with a de- 
gree of completeness and efficiency not observable 
in those humble organisms whose position is at 
the base of the animal scale. All this is said to 
be in accordance with the principle of the physio- 
logical division of labour. 

In the higher animals the nutritive processes 

are subdivided into functions of prehension, mafi- 
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tication, insalivation, deglutition, digestion, ab- 
sorption, circulation, respiration, exhalation, ex- 
cretion, secretion, and nutrition proper. It may 
further be noticed that these functions, being from 
their very nature necessary to the maintenance of 
the organism, are performed throughout the entire 
period of its existence. 

It is not so with the Functions of Beproduction, 
the demand for which is often not manifested 
until the life of the individual has approached 
maturity, and even after that period it is not con- 
stant, but occasional Moreover, the discharge of 
these functions, so far from being favourable to 
the maintenance of the organism, is, on the con- 
trary, rather opposed to it, and it has even been 
observed that in some animals death always occurs 
shortly after the performance of the generative 
function. 

The true generative act consists in the produc- 
tion of germs, and their subsequent contact with 
other bodies, termed * spermatozoa.' The young 
germ is usually surrounded by a mass of nutrient 
matter (or yolk), and the whole together consti- 
tutes an ♦ovum.' The contact of the ova and 
spermatozoa is termed * fecundation.' Ova and 
spermatozoa may be generated in the same or in 
dififerent individuals. Hence arises the distinction 
of sex ; the power of producing ova being peculiar 
to the female, while the formation of spermatozoa 
devolves upon the male. It is well known that 
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the two sexes are, in most cases^ distingaished by 
yarioos external peculiarities. 

The independent being which results from the 
complete development of a fertilised ovum may 
subsequently multiply itself in various modes 
which have been grouped together under the 
common name of '^asexual generation." These 
are all reducible to two processes, namely, 'fis- 
sion,' or the division of the body into separate 
parts, and 'gemmation,' or the formation of 
buds. Gremmation may be either internal or 
external. When the products of the latter remain 
in connection with the parent organism, we are 
furnished with an illustration of the tendency to 
a vegetative repetition of similar parts ; but should 
they separate from it in the form of seemingly in- 
dependent beings, it then becomes difficult to dis- 
tinguish between the results of fission and gem- 
mation. Both of these processes are most easily 
observed among the lower animals. 

Care must be taken not to confound the imme- 
diate offspring of the true generative act with the 
detached products of fission and gemmation. The 
former alone are properly denominated "indivi- 
duals." The latter may be known by the name of 
** zooids." Those who apply the term individual to 
these last are guilty of employing it in two distinct 
senses, for among the higher animals the apparent 
individual is always " equal to the total result of 

the development of a single ovum." * 
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It often happens that the zooids resulting from 
fission or gemmation are very dissimilar in out- 
ward appearance to the organisms by which they 
were produced, while they possess the power of 
giving rise, by a true generative process, to be- 
ings exactly resembling the latter. In order 
to explain these phenomena, certain naturalists,, 
ignorant of the distinction between *^zooid de- 
velopment" and sexual generation, devised the 
ingenious theory of " alternation of generations." 
But, from what has been said, it must appear 
that, in the instances referred to, there is not an 
alternation of two (or more) distinct generative 
acts, but rather an alternation of true generation 
with either gemmation or fission. 

The functions of Eelation may be divided into 
those of the muscular apparatus and those of the 
nervous system. 

Were it possible for us to become acquainted 
with the structure and functions of any organism, 
our knowledge of its nature would still be im- 
perfect so long as. we remained ignorant of its 
life history. Hence the necessity of the study of 
Development^ which investigates the primitive 
characters of living beings, and the changes which 
they undergo in passing from the embryonic to 
the adult condition. Morphology, it may be said, 
teaches us what an animal iSy Physiology what it 
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doeSy Development what it was^ and how from 
what it was it came to be what it is. 

The study of development is, however, not 
merely desirable in itself; it is also absolutely 
requisite in the determination of homologies. 
Organs are usually said to be homologous when 
they correspond with one another in structure, 
and are connected with similar parts of their re- 
spective fabrics. But it would appear that these 
tests are sometimes fallacious, and, in the case of 
adult organisms, their application often becomes 
impossible. It is therefore necessary to compare 
the organs of different animals in their simplest 
condition, and to trace the several stages through 
which they pass, before it can be said that they 
agree with one another. And the same rule may 
be extended to the entire animals of which such 
organs form part. 

A knowledge of development alone is capable 
of furnishing a solution to the inquiry. How far 
may unity of orgaoiisation be predicated of all 
animals ? The answer is, in their primitive con- 
dition only, since the study of Morphology clearly 
shows the existence of distinct plans of structure 
among adult animals. All these start, as it were, 
from the same point, namely, the condition of the 
germ, and from this they rapidly diverge, each 
successive step in their development tending to 

separate them farther from one another. To the 
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researches of the great Yon Baer we are indebted 
for the enunciation of this important principle.® 

Since the number of animal beings is exceed- 
ingly great^ it seems needless to insist upon the 
necessity of arranging them into groups^ so that 
they may be readily compared with one another* 
But it must not be inferred that it is the sole or 
even the chief end of classification^ so to facilitate 
reference that the relative position of any animal 
may be at once determined by means of easily re- 
cognisable external characters. Systems which 
propose to eflfect this object alone are termed 
artificial, and of such systems there may be se- 
veral True classification is contradistinguished 
by the term natural, since it may be defined as 
the right appreciation of the mutual relations 
of ani/mcds, as dependent upon those characters 
and capacities which they have received from 
their Creator, And as there is but one Author of 
Nature, so also there can be but one true interpre- 
tation of that Author's plan, though from insuffi- 
cient knowledge and other causes, the various 
attempts to frame a natural classificatioD which 
have hitherto been proposed, all differ more or 
less from one another in matters of detail. 

We have already seen that animals may differ 
from one another in the varying complexity 
of their organisation. Differences of this kind, 
which are usually obvious, were supposed, by the 
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earlier naturalists^ to furnish sufficient characters 
whereby to distinguish the primary divisions of 
the animal world. It was afterwards ascertained 
that these tests, however suitable they might at 
first sight appear, were applicable only within cer- 
tain limits. For it is easy to select two animals, 
in all essential features strikingly dissimilar, 
though upon examination it will be found impos- 
sible to decide whether the organisation of one be 
superior, as a whole, to that of the other. Hence, 
all arrangements which exhibit the animal king- 
dom as a continuous series, leading step by step 
from the himiblest of all animal forms to those in 
which the specialisation of functions is most strongly 
marked, are evidently unnatural.^ For as there 
are two distinct points of view from which all 
animals may be considered, so also one animal 
may differ from another either as to the greater 
or less complexity of its structure, or the general 
plan upon which its structure has been framed. 
Every animal, as Huxley has well observed, may 
be regarded as the resultant of two tendencies, the 
one physiological, the other morphological® 

By applying a process of generalisation to the 
numerous facts which the study of morphology 
has disclosed, we are led to the conclusion that 
five ultimate plans of structure may be traced 
among animal forms. And accordingly the entire, 
animal kingdom may be divided into the same 
number of primary groups, technically known 
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under the names of sub-kingdoms, branches, or 
departments, namely, — 

Vebtebbata* 

MOLLUSCA. AnNULOSA* 

•» 
c(elentebata« 

Pbotozoa. 

Sub-kingdoms are divided into classes, classes 
into orders, orders into £9.milies, families into 
genera, and genera into species. It is usual to 
state that, '^the species is a living form represented 
by individual beings, which reappears in the pro- 
duct of generation with certain invariable cha- 
racters, and is constantly reproduced by the ge- 
nerative act of similar individuals."* Bat it 
cannot be said that this definition is altogether 
unimpeachable. 

It sometimes happens that between different 
individuals, known to belong to the same species, 
certain distinctive peculiarities are observable. 
When such peculiarities are strongly marked, the 
individuals which possess them are denominated 
varieties. Permanent varieties, i. e. those which 
always produce offspring similar to themselves, 
are distinguished by the name of races. 

The question how far individuals belonging to 
the same species may vary is intimately con- 
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nected "with that department of Zoology which 
treats of the Distribution of animal beings. For 
if it can be shown that animals are capable of be- 
coming modified to an indefinite extent by the 
physical conditions under which they are placed, 
the follo^^g conclusions are inevitable : 

I. That many of the apparently dissimilar ani- 
mal forms found in different regions of the globe, 
are to be viewed as varieties of the same species, 
the differences between them being due to cor- 
responding variations in the external agencies to 
which each has respectively been subjected. 

a. That one species may pass into another, or, 
in other words, that species have no existence. 

But since little positive evidence can be urged 
in favour of these conclusions, it seems desirable, 
for the present at least, to reject them as unsatis- 
factory, **for it is more probable that species 
should have been created with a certain degree of 
variability, than that mutability should be a part 
of the scheme of nature." It cannot, however, be 
denied i hat the tendency of several species to 
form varieties, is much greater than many natu- 
ralists are accustomed to admit^o 

In considering the subject of distribution, it is 
necessary, as far as possible, to separate the facts 
of the science from the various theories which 
have been devised to explain them. The former, 
if rightly observed, may be accepted^ since they 
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exist in nature. The latter must be received 
with caution, since they are, for the most part^ 
pure hypotheses. 

Numerous observations show that some ani- 
mals are very widely distributed, while others are 
restricted within narrow limits. Again, some 
districts contain a fauna (i. e. animal population) 
peculiar, or nearly so, to themselves; whilst 
others are peopled almost exclusively >vith de- 
rived species. 

To account for these, and numerous other facts 
of a similar kind, it has been assumed that all the 
individuals of each species proceeded from one 
originally created pair ; or, in the case of bisexual 
organisms, from a single parent. Each species 
must, therefore, have been at first confined within 
a very limited area ; but being endowed with a 
power of diffusing itself, its descendants, after the 
lapse of time, became dispersed to a greater or 
less extent." 

There are, however, various causes which would 
tend to keep in check the migration of animals. 
Among these, an inability to exist outside a 
certain range of temperature is not the least im-- 
portant. For it has been proved that contiguous 
areas, with different climates, are inhabited by 
different species of animals. On the other hand, 
the effect of climate in determining the distri- 
bution of organised beings has been^ in many 
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instances^ exaggerated. Other natural barriers, 
even more powerful, interpose to prevent the too 
mde-spread diffusion of both plants and animals. 
The several facts which may be deduced from 
observation of the distribution of animals in Space, 
fall under the three following categories : — 

1. The relations of animals to the elements in 
which they live. 

2. Their lateral (geographical) distribution. 

3. Their vertical (bathymetrical) distribution. 
The distribution of animals in Time forms a 

distinct subject of inquiry, the consideration of 
which can only be entered on with profit by those 
who possess some acquaintance with the science 
of physical geology. It will, therefore, be suf- 
ficient here to state the following generalisa- 
tions : — 

Every species has a definite distribution in 
Time. 

Each of the great geological epochs contained 
an assemblage of forms, different from one 
another, and the present. 

In the older geological formations, there ex- 
isted representatives of each of the five great 
divisions of the animal kingdom. 

The animal remains found in these ancient 
formations, though referrible to the same classes, 
belonged, in many cases, to orders, &milies, 
genera, and species, different from those now 
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living. In rocks of more recent date, the orders 
and &milies correspond to those at present 
existing, though the genera and species still 
remain dissimilar* Grradually, even these ap- 
proximate ; first the genera, and, finally, the 
species becoming identical with those of the 
present day. 
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CHAPTER I. 

PROTOZOA 
I. General characters. — 2. Classification. 

I. Qeneral characters. — The sub-kingdom 
Protozoa includes a number of animal beings of 
simple organisation, many of which have, until 
recently, been associated with the lower members^ 
of the vegetable kingdom. Hence no good ge- 
neral definition can be given of this sub-kingdom, 
the several forms which it includes being distin- 
guished from those which are placed in the four 
remaining zoological departments by chiefly nega 
tive characters. In none ol the Protozoa do we 
find a nervous system or organs of sense, and, 
in many of these animals, the existence of a 
distinct alimentary apparatus has yet to be ascer- 
tained. 

In the substance of the bodies of most Protozoa 
a minute solid particle known as the ' nucleus ' is 
found to occur ; and, in addition to this, the pre- 
sence of certain clear spaces termed ^contractile 
vesicles ' may, in some species, be traced* 

B 
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In a large number of- the Protozoi true sex- 
ual reproduction has not yet been proved to take 
place. 

In habit the Protozoa are almost exclusively 
aquatic. Some attain to an appreciable^ and even 
(in the case of the Sponges) considerable, size; but 
by far the greater number are minute, and hence, 
notwithstanding their abundance, the ignorance 
which still prevails as to their real nature. 

2. Classification. — The follovdng animal 
groups are include! in this sub-kingdom, viz. • — 

1. Rhizopoday 

2. Polycyatinay 

3. Spongidce, 

4. Taalassicollidce, 

5. Qregarinidoey 

6. Infusoria. 

The presence of a mouth is characteristic of the 
Infusoria, and hence the remaining Protozoa are 
sometimes designated by the collective appellation 
of * Astonuita.^ 
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CHAPTER IL 

BHIZOPODA. 

I. Type of the group : Amoeba. — 2. Nature of Bhizopoda. — 3 
Bhizopoda allied to Amoeba. — 4. Classification of Bhizopoda. — 5' 
Foraminifera. — 6. Classification of Foraminifera. — 7. Unilocular 
Foraminifera. — 8. Polythalamia. — 9. Structure of the shell in 
Foraminifera. — 10. Technical terms. — 11. Distribution of Fora- 
minifera in Space. — 12. Distribution of Foraminifera in Time. — 
13. Size of Bhizopoda. — 14. Development of Bhizopoda. 

I. Type of the gcroap : Amceba. — In order 
to understand the true nature of the Rhizopoda it 
will be necessary, in the first place, to become 
acquainted with those characters which are fur- 
ni^ed by the examination of some typical form. 
The most easily procured of all Ehizopods is, 
perhaps, the Amoeba^ a minute animal not un- 
common in most ponds or infusions {fig. i). 

When first placed under the microscrope the 
ilmcefta presents the appearance of a globular mass 
of semitransparent jelly, destitute of any apparent 
organisation. This seemingly helpless being soon, 
however, commences to show signs of life by push- 
ing out in various directions portions of the jelly- 
like substance of which its body is composed. By 
expanding one of these prolongations, and then 
di&wing after it (or rather irdo it) the remainder 
of its body, the Amoeba slowly advances, in a some- 
what irregular manner. The gelatinous processes 
thus protruded have received the name of * pseu- 
dopodia,' firom their subservience to the function 
of locomotion. But this is not the only purpose 
which they serve. Should the Amoeba, in its pro- 
gress through the water, come in contact with any 
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foreign substance of small size, the latter is t«Da- 
cioualy grasped by the pseudopodia, which coalesce 
around it, and thus the morsel soon becomes en- 




closed in the interior of the body. There is no 
true oral orifice, and the mode in which d^Iu- 
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tition is performed by the Amceba may not inaptly 
be illustrated by forcing a stone into the interior 
of a lump of clay or similar plastic material. The 
power of selection possessed by the Amoeba would 
seem to be but slight, either as to the quantity or 
quality of its food. Inorganic particles, such as 
sand, are frequently ingested along with its more 
proper aliment. Sometimes the body of the 
Amoeba appears as a mere transparent film in- 
vesting the substance swallowed, and it occasion- 
ally happens that it becomes impaled on the sharp 
point of some projecting object. The indigestible 
remalos of the food are finally pushed out through 
some part of the gelatinous body. 

In the interior of the bodies of most Amcebce a 
central solid particle or ^nucleus' (v) may be 
observed, and, at certain times, one or more clear 
spaces or * vesicles' may also be noticed. These 
contractile spaces are not permanent, but are seen 
to appear and disappear suddenly at more or less 
regular intervals. The colourless fluid, which they 
contain when dilated, would seem to be furnished 
during the process of digestion. 

Physiologically, the Amoeba may be regarded as 
the lowest of all animal forms, destitute of distinct 
organs, any part of its gelatinous body being ca- 
pable of performing the functions of locomotion, 
digestion, &c., for the discharge of each of which 
a special, and often highly complicated, apparatus 
is set apart in the case of many of the higher 
animals. But, notwithstanding this simplicity 
of structure, several naturalists deem themselves 
justified in regarding the more permanent varieties 
of Amxjeba as so many distinct species ; several of 
whichhavebeen described and figured by Auerbach. 
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In the body of one of these {A. bilvmbosa), the 
existence of starch granules haa been detected by 
the same observCT. 

2. Mstare of Khlzopoda. — The structure 
of the remfuning Rhizopods differs in no essential 
respect from that of Amceba. In all, the body is 
composed of the same simple gelatinous substance 
or 'sarcode,' as it has been termed by Dujardin, 
and in all, locomotion is performed by means of 
pseudopodia. From this circumstance, the group 
derives its name. 

3. Rhl»q^da allied to Amoebm. — The so- 
called "sun animalcule" (Actmophrya), by some 
placed among the Infusoria, may be regarded as 
closely allied to Amoiba. The form of its body 
(fig- 2, a) is that of a depressed sphere, furnished 
witti a number of filiform pseudopodia radiating 




Various forms of Ruihipoda : — a, Actinephiyi wl in the act 
of feeding; at # is ahown a captured Infiisorinm which baa jnsC 
entered the anbstance of the body ; b, portion of the aame, mag- 
nified 450 diameters -, c, ArceUa acuminalai d, D\ffiugia prota- 

in all directions. These pseudopodia are usually 
somewhat longer than the diameter of the body, 
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and axe far less mutable than the same parts in 
AnwRba. The body of ActinophrySy when mag- 
nified (Jig. 2, 6), is seen to be composed of a 
simple homogeneous sarcode substance, filled with 
granules and * vacuoles,' in the midst of which a 
true ' contractile vesicle ' may, in most cases, be 
readily perceived. The mode in ,which this Ehi- 
zopod takes food is peculiar, and has been care- 
fully observed by Kolliker. Should a small Crus- 
tacean, Eotifer, or any other of the minute active 
animals upon which the Adi/nophrys is accus- 
tomed to feed, come in contact with one of the 
radiating filaments, it soon adheres to the latter, 
which slowly shortens imtil it approaches the 
surface of the body, the filaments in its neigh- 
bourhood bending around it, so that the prey be- 
comes surrounded on all sides. The pseudopodia 
then gradually diminish in length, until that by 
which the prey was first seized altogether disap- 
pears. At this spot a depression begins to be 
formed, in which the captured animal is lodged 
ififf' 2, a, 0). This depression becomes deeper 
and deeper, the pseudopodiaaroimd it again elon- 
gate, and finally its outer edges coalesce, so that 
the prey becomes enclosed in a cavity. Here it 
remains until digested, after which the cavity 
conti-acts, and finally disappears. But should any 
indigestible particles remain, these are expelled 
by renewed contractions of the sarcode body, usu- 
ally in the same direction by which they were 
originally taken in. 

In both of the Ehizopods already noticed the 
body is completely naked. In some Amoebce, in- 
deed, its outer portion would seem to possess a 
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certain degree of consistence, so as to serve as an 
envelope for the protection of the softer sarcode 
within. But in Difflugia we find it investied with 
a membranous ' carapace' or * lorica,' of an oblong 
or oval figure, from the terminal aperture of which 
the pseudopodia are protruded {fig. 2, d). In 
Arcella the carapace assumes a discoid or hemi- 
spherical form {fig. 2, c), with the single narrow 
orifice placed on its flat surface. In both of these 
Ehizopods the surface of the carapace often ex- 
hibits tubercles or depressions, or has particles 
of sand, &c., imbedded in its substance ; and in 
Arcella the margin is frequently provided with 
long spinous prolongations. The curious Pam^ 
phagus, described by Bailey, would seem to form 
a connecting link between these Bhizopods and 
Amoeba. Like the latter, it is destitute of a cara- 
pace, but it agrees with Arcella and DijfJugia in 
having the pseudopodia protrusible from one ex- 
tremity only of the body. It undergoes the most 
extraordinary mutations of form, which are chiefly 
the result of its habit of swallowing almost every 
substance with which it comes in contact Hence 
the appropriate name (P. Tnutabilia) conferred on 
this Bhizopod by its late discoverer. 

4. €la88lflcatlonof Rhizopoda. — The Bhi- 
zopoda may be arranged under two sections, 
Ainoebea and Foraminifera. The first of these 
may be again subdivided into two minor groups : 
1. Amoebinay including those Bhizopods which 
have the body naked, viz. ATnoeba, Adinophrya, 
and Pamphagus ; and 3. Arcellinay which con- 
tains Difflugia and Arcella. All these Bhizopods 
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were formerly placed among the Infusoria. They 
chiefly inhabit fresh water. 

5. Foramlnlfera. — The Foraminifera diflfer 
from the Amoebea in being usually invested with a 
calcareous covering or * shell,' which is sometimes 
simple, but more frequently consists of an aggre- 
gation of separate chambers or * loculi ' commu- 
nicating with one another by means of minute 
apertures. In accordance with this character, the 
name Foraminifera has been given to the group. 
The appearance presented by these shells (Jigs. 3, 
and 4), both as regards outward configuration and 
internal arrangement, is often exceedingly com- 
plicated; and, in many cases, the same species 
presents itself to our notice under a wonderful 
diversity of forms. Accordingly, those naturalists 
by whom the Foraminifera were first studied, 
misled by external characters, assigned these 
animals a position far higher than that to which 
their internal structure entitled them. Their true 
nature was first explained by Dujardin, who 
showed that the animals inhabiting these cal- 
careoiis shells differed in no essential respect from 
Amoeba or Arcella^ and that, like these forms, 
their bodies were composed of a homogeneous 
sarcode substance {jig. 3, gr'). In some Foror- 
fftiniferay this sarcode body is foimd to assume a 
bright red colour. The pseudopodia of these 
animals are usually longer and more slender than 
those of the Amoebea. 

6. Classlflcatlon of Foramlnlfera. — By 

D'Orbigny the Foraminifera have been divided 
into six " orders," viz. : — 
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1. Monosftega. — Body consisting of a single seg^ 

ment : shell of one chamber. 

2. Stichostega. — Body composed of segments dis- 

posed in a single line : shell consisting of a 
linear series of chambers. 

3. Helicoatega. — Body consisting of a spiral series 

of segments : shell made up of a number of 
convolutions. 

4. Entomostega. — Body consisting of alternate 

segments spirally arranged: shell chambers 
disposed on two alternating axes forming a 
spiral. 

5. Enalloatega. — Body composed of alternate 

segments not forming a spiral : chambers ar- 
ranged on two or three axes which do not 
form a spiral. 

6. Agathiatega. — Body . consisting of segments 

wound round an axis : chambers arranged in 
a similar manner^ each investing half the 
entire circumference. 

All these orders, with the exception of the firsts 
are sometimes designated by the collective appel- 
lation of * Polythalomiia.^ 

A somewhat diflFerent arrangement has been 
adopted by Schultze, who divides the Polythala^ 
mia into three sections, viz. : — 

I. Helicoidea, including those forms in which 
the several chambers of the shell are ar- 
ranged in a convolute series : 

a. Rhdbdoidea, in which they are placed in a 
direct line : and, 

3. Soroideaf where they are disposed in an irre- 
gular manner. {Vide Table, p. 11.) 
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TABLE 

SHOWma SCHULTZE'S ABBANGEMEMT OF THE 

RHIZOPODA. 



A NUDA. 

(Contains tiio genos Auceba.) 



t. TESTACEA. 

(Inclades Fobaminifbba and Abcellina.) 

!• Bfonothalamia. 

( » MoNOBTEOA, D'Orbigny + Abcellina). 

2. Polythalamla. 

f Heucobteoa, D'Orb. 

+ 
Entomobtega, D*Orb. 

+ 
Enallobteqa, D'Orb. 

+ 
Aqathibteqa, D*Orb. 



a. HEUCOIDEA 



b. BHABDOIDEA « (Stichobteqa, D'Orb.). 

€• SOBOIDEA. (Contains the genns Aceryulina, Sch.) 
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All these arrangements may^ however, be 
regarded as premature, pending the result of 
further investigations into the internal structure 
of the shell, a more extended acquaintance with 
which must form a necessary prelude to the 
proper classification of the ForaTai/mfera. Since, 
moreover, we are unacquainted with the entire 
life-history of any one of these animals, it is 
evident that the time has not yet arrived for pro- 
posing such an arrangement. 

The truth of these observations will further ap- 
pear when we consider that in the Fora/ndniferay 
more perhaps than in any other group of animal 
forms, is the same species liable to be influenced 
by age, by the diflFerent circumstances in which it 
is placed, or by both of these causes combined. 
To assign the limit to which these variations may 
extend is, in many cases, at present impossible. 
For it has been fully proved, in more tiian one 
well ascertained instance, that two or more varieties 
of the same species obtained from distant localities, 
or from the same locality, but at different stages 
of growth, may present such disfflimilarity of out- 
ward aspect Bfi to require, for the determination of 
their specific identity, the examination of many 
hundred individual specimens, each gradually 
passing into the other. Hence it is easy to con- 
ceive how, by following too closely the arrange- 
ment of D'Orbigny, different varieties of the same 
species have been placed in separate orders ; the 
principle on which his system has been founded, 
namely, the direction of growth of the shell, 
being obviously insufficient for the purposes of 
classification. 
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VHriOQS rnnna of Fok^HIKIVBBA :~a, Logout itriataj a' 
IfodoKiTia Tugota; b, Margimlina {"Criildlaria') rap^aina; 
b, longitndinal sectiun of shell at do. ; c, Pulyttamtlla criipa, 
with Its peeudopodin protruded ; d, NtoHinidilu ttntimiarii, 
■hown in horizoalftl section ; t, Caiaidulina larigala ; f, Ttxt»- 
laria globalma ; g, MSiotuia Mmr'nu/un ; g', Bnimal of Mi&oliiia 
removed fniin its shelL 

7. Vnllocnlar ForamlniferM. . — The Uni- 
locular Foraminifera may be said to constitute an 
intermediate group between the Polytkalamxa and 
Arcellina; the form denominated Oromia, for 
example, scarcely differing from £h';ffiugia or Ar- 
eella, save in the greater length and tenacity of its 
pseudopodia. A better example of these £hizo- 
pods is furnished by Lagena, which may be suffi- 
ciently characteriEed by the beautiful flask-like 
form of it£ shell {Ji^. 3, a), the external surfaoe of 
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which frequently assumes a fluted appearance, 
caused by the presence of numerous longitudinal 
striae. In addition to the outlet at the mouth of 
the shell the entire surface of the latter is perfo- 
rated by a number of exceedingly minute aper- 
tures, through which the pseudopodia are protru- 
sible. Entoaolenia may be compared to Lagena 
with the tubular neck inserted into the hollow in- 
terior of the shell. 

8. Polythalamla. — Among the Polythala- 
mia the modifications in external configm-ation 
assumed by the shell would seem to be almost 
without limit. In Nodosaria (Jig. 3, a') it pre- 
sents the aspect of a cylindrical beaded rod, which 
in Lvngulma becomes compressed, and in Denta- 
li/na more or less curved, whilst in Frondicularia 
the peculiar sagittate form of the chambers will 
be foimd a distinctive test 

The term ^nautiloid* has been applied to a 
large group of multilocular Khizopods, the shells 
of which present externally a remarkable resem- 
blance to those of a well known group of Mollus- 
cous animals, including the Pearly Nautilus and 
its numerous extinct allies. It was this similarity 
of outward form which led the earlier naturalists 
to refer the Foraminifera to the class of Cephalo- 
poda ; a view of their nature which received the 
sanction of Cuvier and D'Orbigny, and continued 
to be generally adopted until the year 1835, 
when its incorrectness was fully demonstrated 
by Dujardin, who was the first to point out the 
simple nature of the animal body which occupied 
the interior of these many-chambered shells. 
These nautiloid forms constitute an extensive 
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section of the order Hdicoatega of D'Orbigny. 
It has since, however, been shown that many 
Foraminiferous shells which commence their 
growth upon the spiral plan, e. g. CriateUariay 
ultimately assume a straight form, so as to resem- 
ble Nodoaaria {fig. 3, 6, 6'). Examples of nau- 
tiloid Khizopods may be found in Polystomella 
ififf' 3, c), and in the well-known fossil Nummu- 
litea {fig. 3, d). 

In Cdssidulina {fig. 3, e) and its allies, each of 
the chambers of which the spiral shell consists is 
furnished with two surfaces of unequal size, 
which are alternately presented to opposite sides 
of the shell. Other modifications of the Poly- 
thalamous structm-e are presented by Textularia 
{fiff' 3, /), and Miliolina {fig. 3, g\ the nature 
of which will best be understood when we come 
to consider the mode of growth of the shell. 

g. Stmcture of the SheU In Foramlnlfera. 

— The structure of the shell has been ably inves- 
tigated by Drs. Carpenter, Williamson, and others, 
whose combined researches have proved that its 
many complex forms all result from continuous 
processes of gemmation, and that the several 
varieties of these are dependent on corresponding 
variations in the plan upon which this gemmation 
is conducted. For all the multilocular Khizopods 
consist at first of but a single chamber. Should 
the latter put forth another chamber similar to 
itself, and in a direct line with the axis of its body, 
this process, repeated severed times, would give 
rise to such a form as Nodoaaria, in which 
the original orifice of the first chamber serves as 
an aperture communicating between it and the 
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second^ so that the several portions of the sarcode 
body contained in the entire series of chambers 
are all united by means of connecting bands 
or * stolons,' of the same substance {fig. 3, 6'). If 
the successive chambers gradually increase in 
size, a conical shell will be product. If, again, 
each of the newly formed chambers, instead oi 
being developed in the axis of its predecessor, be 
turned slightly to one side of the latter, the whole 
series will assume a curved figure, and this may be 
carried to such an extent as to confer on the entire 
shell a spiral or convolute form. If the several 
convolutions of one of these spiral forms all lie in 
the same horizontal plane, as in Polystomella or 
Nummulitea (fi^. 3, c and d), the shell is said to 
be * equilateral.' But if the successive chambers be 
developed on one side of the plane of the first 
chamber, so that the spiral passes obliquely round 
an axis, the shell assumes a more or less pyra- 
midal form, and is termed * trochoid' or * inequi- 
lateral.' These latter terms may also be applied to 
such shells as Textviaria (fig. 3, /), which appa- 
rently consist of two or more oblique longitudinal 
rows of chambers, but in reality difier only from 
the true spiral forms in the smaller number of 
chambers which occur in each of the convolutions. 
A difierent mode of growth prevails among the 
Miliolince. These are usually somewhat oblong in 
figure, each of the newly formed chambers being 
equal in length to the entire shell, so that^ as 
growth proceeds, the terminal orifice is alternately 
transferred from one end of the shell to the other. 
Hence, in these shells, the addition of successive 
segments has been compared to the winding of the 
thread round a ball of worsted (Jig, 3, g). 
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In addition to the terminal orifice, which we 
have hitherto regarded as the sole growing point of 
the shell, many Forammifefra have the external 
surface of the latter perforated with numerous 
minute apertures, through which thread-like 
extensions of the sarcode body can be protruded 
(^jig. 3, c); and it is not improbable that, by 
the coalescence of several of these, a layer is 
formed which may serve for the deposition of cal- 
careous matter in the form of spines or other 
peculiarities of surface configuration. It would 
seem, however, that in Faujamuiy OpereuMnay 
and certain other Polythalamiay these foramina 
are not to be regarded as simple apertures in the 
walls of the chambers, but rather as the orifices of 
a peculiar system of * interseptal ' canals, which 
after ramifying between the walls of contiguous 
chambers proceed directly to the innermost portion 
of the shell, serving to bring those parts of the 
sarcode body which are contained in the latter 
into immediate communication with the exterior. 
JuNumm/ulites and other fossil forms these canals 
have been observed to increase both in number 
and complexity of arrangement ; for here, in addi- 
tion to the regular series of chambers, there exists 
an 'interstitial skeleton' for the nutriment of 
which this increased development of the * canal 
system,' would appear to be required. Hence 
it has been said that these Polythcdamia present 
us with the highest and most fully developed type 
,of Foraminiferous structure. 

A mode of growth distinct from any of the 
preceding has been observed by Dr. Carpenter 
to take place in another group of Fora/nrndfera^ 
of which OrbUoUtes may be regarded as the type. 
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If the circulax flattened disk of one of these forms 
(Jig. 4, a) be submitted to microscopic examina- 
tion, a series of roimded elevations disposed in 
concentric annular bands roimd a central '^nu- 
cleus " may be observed on its surface, whilst its 
margin is seen to consist of an undulating succes- 
sion of rounded projections alternating with de- 
pressions, each of the latter being provided with 
a single orifice. On more careful examination, 
we find that each of the rounded elevations con- 
stitutes the upper surface of a chamber or cell, 
^^ which communicates by means of a lateral 
passage with the cavity on either side of it in the 
same ring ; so that each circular zone of cells might 
be described as a continuous annular passage, 
dilated into cavities at intervals. On the other 
hand, each zone communicates with the zones 
that are internal and external to it, by means of 
passages in a radiating direction ; and it is.curiouB 
that these passages rtm, not from the cells of the 
inner zone to those of the outer ; but firom the con- 
necting passages of the former to the cells of the 
latter; so that the cells of each zone alternate in 
position with those of the zones that are internal 
and external to it. The radial passages from the 
outermost annulus make their way at once to 
the margin, where they terminate, forming the 
* pores' which (as already mentioned) are to be 
seen on its exterior. The central nucleus, when 
rendered sufficiently transparent (by previous pre- 
paration), is found to consist of a central cell (y), 
usually somewhat pear-shaped, that communicates 
by a narrow passage with a much larger circum- 
ambient cell (tt), which nearly surrounds it, and 
which sends off a variable number of radiating 



passagea towards the cells of the first zone, which 
forms a complete ring round the nucleus." 
If the animal of Orbiiolitea be decalcified by 




Stnctnre of Obbitoliteh couplabatdb: — a, simple diik of 
Orbitalitti, l^d open H) show ite interior ; r, cenlral cell; r, dr* 
cnmambient shell, Bnrrounded bj concentric zoaes of celli) 
comtecud with each other bjr annnlitr and r&diating paMages ; — 
b, portions of earcode body of the same, showing v, s, v, seg- 
tnents of sarcode contained in the ovate cells ; X, \, their an- 
imlor, and p, p, p, their radial stolons ; — c, pecnliar reprodnc- 
live (?) bodies g a, gemnwle, embedded in sarcode substance ; 
0, the same, ondergoing fission i y, another genunule, ftonud in 
one of the taperficial cells. 
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maceration in dilute add, the above arrangement 
will be rendered still more evident (fig* ^ 6). 

For the contents of the ovate cells are seen to 
consist of segments of sarcode (cr, o-, o*), from which 
stolons are prolonged into the interior of both the 
radial and annular passages (/9, p, p, and \, X). 
Each of the concentric zones of segments is, in 
all probability, produced by gemmation from the 
zone immediately within it, the segments of the 
innermost zone having been originally budded oflf 
by extensions of the sarcode body contained in 
the circumambient cell, which, again, in its turn, 
is connected by means of a narrow stolon with the 
pear-shaped mass of the same substance occupying 
the interior of the central cell. There can be 
alsb but little doubt that, in the living animal, the 
radial stolons of sarcode which proceed from the 
outermost annulus are enabled to send forth pseu- 
dopodia through the marginal pores, the latter 
being the only external apertures which the shedl 
of the Orbitolite possesses; and analogy would 
suggest that these pseudopodia may not only 
serve for the prehension of food, but may also, by 
the coalescence of several round the margin of the 
shell, give rise to the deposition of successive 
layers of calcareous matter. 

Such is the ordinary structure of Orbitolite. 
But the same form is sometimes met with im- 
der a much more complicated type, in which 
the thickness of the entire shell is considerably 
increased, and the marginal pores are seen to be 
arranged in several rows, placed one above another. 
Here the superficial cells, which in the simple 
type are either round or oval, become nearly 
rectilinear, having their long diameters placed at 
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right angles to the centre of the disk. Each of 
the segments of sarcode contained in these oblong 
chambers commmiicates by means of a double 
footstalk mth a pair of drcolar stolons, a con- 
centric series of which lie beneath both the 
upper and lower surfaces of the shell. These two 
sets of stolons are connected with one another by 
means of linear bands of sarcode, enclosed in 
columnar chambers which run through the inter- 
mediate thickness of the disk. Each of these 
linear bands sends forth a double series of sarcode 
threads, which serve to bring it into connection 
with a pair of the columns belonging to the zone 
on its interior, those of the outermost zone having 
probably the power of protruding pseudopodia 
through the numerous rows of marginal apertures. 
The textwre of the shell is also deserving of 
notice. In Oromia and a few other forms it is 
somewhat membranous, whilst in Proteonvna it is 
arenaceous. These, however, are exceptional in- 
stances, since in the greater number of Fora/mmir' 
fera the shell is eminently calcareous, presenting 
various degrees of consistence. In Ldgena it is 
hyaline, but in MUiolma and its allies it becomes 
unusually opaque, so as nearly to resemble white 
porcelain. In newly formed segments, the shell 
is usually deficient in thickness. 

lo. Teehnleal Terms. — For the better de- 
scription of the multilocular Bhizopods certain 
technical terms have been proposed. Thus the 
several chambers of which the ^ell consists have 
received the name of BegmerdSy that from which 
all the others originate by a process of gemma- 
tion being known as the prvmordialf whilst that 

08 
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which is last formed is termed the vMmuxte seg* 
ment. Each of the segments, viewed externally, 
is said to have two margins, the avierior, which is 
nearest the ultimate segment, and the posterior, 
which is nearest the primordial one. G^ie parti- 
tions which separate the contiguous segments 
from one another are termed septa, each of which 
is perforated by one or more septal apertures, and 
in most cases indicated externally by a ridge or 
depression, called the septal line. The superficial 
area of each septum, corresponding with the en- 
tire breadth of that portion of the shell where it 
occurs, has been designated the septal plane. 

In the nautiloid forms the term spvral suture 
is employed to denote the line by which each 
convolution is separated from that on either side 
of it. Here the entire shell is said to have two 
lateral surfaces, and a peripheral margin. The 
shape of the latter, which varies considerably in 
different forms, determines also that of the septal 
planes. Each of these last forms three angles, 
the peripheral and the two umbUdcal angles, the 
latter b^g so termed because ^^ directed towards 
the centre of each lateral surface occupied by the 
primordial segment, where there is usually a de- 
pression or umbilicus/* Each of the segments 
also has three margins, an anterior, a posterior, 
and a peripheral. It has likewise two angles, an 
anterior umbilical and a posterior umbiliccd. 

In the trochoid shells the surface on which the 
primordial segment appears is termed the *^ poste- 
rior,'' while the opposite extremity is known as the 
imferior, lateral surfa^ce. 

Among the straight types, such as Nodosaria, 
the term '^ laiteral aspect " is applied to the shelly 
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when seen in its ordinary position, its cmterior 
aspect' being presented to our view when we look 
down from above on the septal plane of its ulti- 
mate segment. In Lvngulina and other com- 
pressed forms, the sides of the shell, when viewed 
edgeways, are said to present their ^^ peripherO" 
lateraV^ aspect^ the same term being also applied 
to the Nautiloid shells, when viewed in the di- 
rection of their peripheral margins. 

1 1. lUstributloii of Foramlnlfera In space. 

— By far the greater number of ForaTriinifera are 
marine. They are foimd in most seas, preferring, 
however, those of tropical and southern climes, 
where an increase may be observed, not merely in 
the number and variety of the specimens, but 
likewise in the size which several of the latter 
attain. Many of the Forarrmvifera have been 
dredged from considerable depths, some in a 
a living state ; and there is reason to believe that 
extensive deposits of their shells, associated with 
those of other minute organisms, are in process of 
formation on several parts of the existing sea 
bottom, more especially in the North Atlantic, 
the Eastern Mediterranean, and the Australian 
Seas. 

Among the more widely distributed animals of 
the present group may be especially mentioned 
Orhulvna and OlobigeriTia, both of which forms 
may be regarded as almost cosmopolitan. 

Specimens of Forammifera may be obtained for 
examination from the shakings of dried Sponges, 
or even from the sand on most parts of the sea 
coast : but, should they be required for observation 
of the contained animal, they must be dredged for 
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this purpose from suitable localities^ or picked, 
with the aid of a lens, from the fronds of living 
sea weeds, over the sur&ce of which they may be 
observed to crawl by means of their pseudopodia. 

12. Distrlbutloiiof Foraiiilnlferaiiitline. 

— Bemains of Foramlrdfera have been proved to 
exist in most of the stratified rocks, from the 
Silurian to the Tertiary inclusive ; many of the 
forms foimd in the older formations being nearly, 
if not absolutely, identical with those which occur 
in the seas of our own epoch. But the insufficient 
and superficial manner in which the *^ genera " and 
'^ species" of these animals have too frequently 
been characterised, has considerably deducted from 
the value of those facts from wMch conclusions 
might otherwise be deduced with reference to their 
disMbution. 

Among Paleozoic strata remains of these ani- 
mals have been found to occur in both the Silurian 
and Carboniferous series. The green grains which 
lie scattered through the Lower Silurian sand- 
stones of the neighbourhood of St. Petersburgh 
have been shown by Ehrenberg to contain in their 
interior siliceous casts of Foraminiferous shells, 
some of which are referrible to such existing forms 
as Outtviina^ Rotaliaj and TeocttUa/ria. Tlie two 
last mentioned of these have been likewise de- 
tected in the Carboniferous limestone, certain beds 
of which, foimd in Bussia and the United States, 
are composed, for the most part, of the shells of 
FusuLvnay a form which would seem to be exclu- 
sively confined to this deposit 

Among secondary rocks, Foramvaifera prevail 
in both tiie oolite and chalk, being; however, more 
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nmnerous in the latter, extensive beds of which 
are in many districts made up of little else than 
the shells of RotaMa, Spirulvna, and Teoctularia, 

But it is -in the formations of the Tertiary 
period that this group may be said to have at- 
tained its greatest development. It is here we 
first meet with the widely distributed NwmmuliteSf 
whose size, compared with that of any Foramir- 
nifera which have preceded them, must be consi- 
dered as gigantic. They are chiefly characteristic 
of the Middle Eocene ; and it has been proposed 
by some geologists to divide this formation into 
three sections, each being distinguished by a se- 
parate form of Nummulite. The extent to which 
some of these strata prevail has been thus indi- 
cated by Sir Charles Lyell. 

" The Nummulitic formation, with its charac- 
teristic fossils, plays a far more conspicuous part 
than any other tertiary group in the solid frame- 
work of the earth's crust, whether in Europe, 
Asia, or Africa. It often attains a thickness of 
many thousand feet, and extends from the Alps to 
the Carpathians, and is in full force in the North 
of Africa, as, for example, in Algeria or Morocco. 
It has also been traced from Egypt, where it was 
largely quarried of old for the building of the 
Pyramids, into Asia Minor^ and across Persia, by 
Bagdad, to the mouths of the Indus. It occurs 
not only in Cutch, but in the mountain ranges 
which separate Scinde from Persia, and which 
form the passes leading to Caboul; and it has 
been followed still farther eastward into India, as 
&x as Eastern Bengal and the frontiers of China." 

It has been shown by Dr. Carpenter that the 
Nummulitic limestone of some districts contains 
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the remains, not of Nummulitea proper, but rather 
of a form which, though resembling it closely in 
external appearance, is in internal structure very 
dissimilar. For this form he has proposed the 
name of Orbitoidea. The same observer has also 
given it as his opinion, that between the existing 
Nonionina and the true fossil Nmnmulitea there 
exists no important diflFerence of structure. 

13* Size of Rblzopoda. — All the Amoebea 
are microscopic, being seldom known to exceed 
•02 of an inch in diameter. The Forammifera are 
somewhat larger, the linear dimensions of the 
recent British species (for example) varying from 
•005 to '050 of an inch. But among the tropical 
and extinct forms of the group we meet with 
many whose size is much more considerable; 
Nummulites being frequently at least three inches 
in circumference, while specimens of Cyclocly- 
peu8 have been met with which have been found to 
reach 2*25 inches in diameter. 

li^. DeTelopment of Rblzopoda. — Almost 
nothing is known of the development of the Rhi- 
zopoda. Difflugia and Actinophrya have been 
observed to undergo multiplication by fission (i. e. 
the separation of the body into two parts), and the 
last-mentioned form also propagates itself by a 
peculiar method which presents some slight ana- 
logy to the "conjugating process" among the 
lower Algae. In the body of Orbitolites Dr. Car- 
penter has observed the sarcode to be *^ broken up 
(as it were) into little spherules," and these he sup- 
poses are probably *^ gemmules " destined for ex- 
pulsion through the marginal pores. He has also 
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detected, imbedded in the sarcode, certain other 
bodies (fig. 4, c), which may be either "gem- 
mules in a later stage or possibly true ova (?)." 
These exhibit various stages of binary division, 
and always present a deep red colour. But their 
exit, and subsequent development, have hitherto 
escaped observation. 
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CHAPTER m. 

POLTCTSTINA. 
I. ITalnn. — 1. Diatribntion. 



I. NfttMre. — The name Polycyetma was finit 
given by Ehrenberg to a group of minate shell- 
bearing organisms, apparently allied to the Fora- 
mini/era. They are usually of smaller raze than 
the latter, from which also they differ in the nature 
of their shelly investment, the composition of 
which is siliceous. These shells are remarkable 
for the great beauty and variety of their forms, 
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and the peculiar appearance of the spine-like 
projections with which they are frequently fiir- 
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nished {fig. 5). The contained animal consists 
of an olive brown sarcode substance capable of 
protruding pseudopodia through the numerous 
foramina witii which the shell is perforated. In 
those forms which have been most carefully exa- 
mined, the sarcode^body, which is divided into four 
equal lobes, does not fill the entire cavity of the 
shell, but would seem to be wholly confined to the 
upper portion of the latter. Of the true nature of 
these creatures, much has yet to be learned. 

7,. Distribution. — The Polycyatvna are very 
widely distributed. Their sheUs, mingled witii 
those of Foramvmfera and iTta^omocec?, have been 
ascertained to form part of the extensive organic 
deposit which is now being formed over a portion 
of the bed of the North Atlantic. They have been 
found also in the Mediterranean and various other 
parts of the existing ocean. They appear, how- 
ever, to have been even more niunerous at former 
periods, their remains having been already de- 
tected in both the secondary and tertiary forma- 
tions. Nearly 300 apparently distinct forms of 
these animals have been discovered by Ehrenberg, 
in a tertiary deposit which occurs abundantly 
throughout an extensive district of the island of 
Barbadoes. 
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CHAPTER IV. 

SPONGID^ 

S. Animal nature. — 2. Form and Size. — 3. Skeleton •^4. Aqoi- 
ferons STstem. — 5. BeiMrative powers. — 6. Spicola. — 7. Classi- 
fication. — 8. Strnctnre of Tethja. — 9. Derelopment. — 10. Dis- 
tribution. — II. Affinity to Foraminifera. 

!• Awlmal natinre. — If the animal nature of 
the Bhizopoda be admitted, that of the Sponges 
can no longer be regarded as doubtful. For a 
Sponge consists of a soft gelatinous substance, 
supported by an internal firamework or skeleton, 
the whole being usually strengthened by the 
addition of calcareous or siliceous ^spicula.' The 
soft gelatinous flesh is found, on examination, to 
be composed of an aggregation of amoebiform 
bodies, and must be considered as constituting the 
essential part of the animal, since in some Sponges 
the skeleton is altogether absent, whilst in others 
the mineral spicula are replaced by particles of 
sand. 

In Orcmtia (one of the marine Sponges) the 
amoeba-like particles are furnished with long 
filamentary appendages, which have received the 
name of * cilia ' {fig, 6, e). To these peculiar 
organs, which now for the first time make their 
appearance in the animal kingdom, we shall here- 
after more fully allude (p. 66). Ciliated parti- 
cles have likewise been noticed in the gelatinous 
substance of the fresh-water Sponges {Spongilla) ; 
but here they are not present at all times of the 
year, having been observed to disappear on the 
approach of winter, during which season the body 
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of SpongiUa solely consiBts of amorphouB non- 
dliated amoebiform bodies. But it is right to 
mention that the stmctuie of these last is as- 
serted by Lieberkiihn to be not quite bo mmple 
as some natuialists have supposed, 

i^6. 



Stmctore of Qkibtu, &c. : — a, £, e, nliceoos ipicuU of Sali- 
ehaHdria ; d, ponion of Grantia ccmprtaa, BhowiDg amuige- 
meot of triradiBte (calcareoiu) spicnia i t, smaller poition of 
the aame (tnoK highlj nuigiuBed), sbowbg dliMed Bmcebifotm 

2. Fonn wsd Slae. — The Torious kinds of 
Sponges present themselves to our notice under 
every possible diversity of size and outward 
configuration. Some form flattened incrustations 
investing the surfaces of rocks, shells, and various 
sabmarine objects ; others occur as dense compact 
masses, often of considerable dimensioDs; others, 
again, are erect, cup-shaped ; while not a few 
e the aspect of branching arborescent struo* 
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ture& In size, the Sponges far exceed all other 
Protozoa ; aggregate masses of these animals being 
sometimes met with, chiefly on the shores of tro- 
pical seaa^ which cover surfaces of many yards in 
extent. 

3. Skeleton. — The skeleton or framework of 
the Sponge, which is best seen in dried specimens, 
is usually composed of a number of homy fibres, 
anastomosing one with another in such a manner as 
to form an irregular though intricate network. In 
some sponges, e. g. Orantia, this fibrous network 
is altogether wanting. In the Sponges of com- 
merce it attains an unwonted degree of softness 
and elasticity, which qualities, combined with the 
comparative paucity of their spicula, give to these 
substances their chief value in a commercial 
point of view. In certain tropical Sponges, on the 
other hand, it is found to be entirely made up of 
siliceous particles; these, however, still presenting 
that characteristic reticulated arrangement which 
may be regarded as essentially distinguishing the 
* fibre ' from all the other stnictures which together 
make up the body of the Sponge. 

4. Aqniferons Systom. — With the porous 
aspect of ordinary Sponges most persons are 
familiar. On more careful examination it will be 
seen that these pores are of two kinds: i. the 
larger pores, which are comparatively few in num- 
ber and frequently elevated on slight prominences ; 
and 2. the smaller pores, which are much more 
numerous, crowding the entire surface of the 
Sponge so as to occupy the interspaces between 
the larger apertures. The latter are properly de- 



spoNaiD^. 33 

nominated ^oscula,' the smaller orifices being spe- 
cially distinguished as the ^ pores.' 

On cutting open the Sponges, the oscula and 
pores are seen to be connected each with its proper 
system of ^canals*' What are termed the ^ex- 
cun-ent ' canals proceed immediately from the os- 
cula, and, after forming a somewhat complicated 
network within the outer layer of the Sponge, 
finally communicate with another system of ^ in- 
current' canals, which, in their turn, terminate 
in the Spores.' Both of these sets of canals 
are produced by the peculiar an-angement of the 
homy fibres which compose the skeleton, and 
in the living animal ai*e invested on all sides 
by a coating of the glairy gelatinous sarcode. 

If a fragment of living Sponge be placed, in a 
watch-glass, on the stage of a microscope and ex- 
amined with a low magnifying power, a curious 
spectacle will, under favourable circumstances, 
come into view. Currents will be seen to issue 
rapidly from the oscula, whilst at the same time 
water is being continually absorbed by the pores. 
In this manner a sort of circulation is maintained 
within the two systems of canals which connect 
the oscida and pores with one another. The 
currents are rendered more readily observable, by 
diflPusing finely powdered indigo or carmine in the 
water containing the specimens imder examina- 
tion. 

When the foregoing phenomena were first 
noticed (in 1827) by Dr. Grant, they excited much 
attention among naturalists, though for a long 
time afterwards the mechanism by which they 
were eflFected, remained altogether undiscovered. 
More recently the subject has been investigated 
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anew by Dr. Bowerbank, from whose observations, 
made, for the most part, on the common fresh- 
water Sponge, the following conclusions seem dedu- 
cible, viz. : — 

1. That the circulatory action is, in all probabi- 

lity, due to the presence of vibratile cilia. 

2. That these cilia (if present) are situated, not 

around the oscula or pores, but rather within 
the larger excurrent canals which run im- 
mediately beneath what may be termed the 
" dermal membrane " of the Sponge. 

3. That the circulatory action is, to a certain 

extent, periodical, continuing for a sufficient 
length of time to enable nutrient particles 
to be conveyed to all parts of the interior of 
the Sponge, after which it becomes languid 
for a while, to be again resumed, when its 
performance is called for to supply the ne- 
cessities of the organism. 

And further, it has been proved, 

4. That the living animal possesses the power 

of opening and closing its oscula at plea- 
sure; 

5. That the several oscula may act more or less 

independently of one another ; and 

6. That new oscula may be formed, if required, 

anywhere in the course of the larger excurrent 
canals. 

It is obvious that the above currents may be 
employed, not merely in the conveyance of food, 
but likewise in the removal of eflfete matter. 
They contribute, moreover, to the general aeration 
of the entire animal, presenting us, it may be said. 
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with the first indication of a respiratory apparatus. 
It would seem also that the nutrient matters con- 
veyed by the currents to the interior of the canals 
are there assimilated by the sarcode substance 
lining the latter, much in the same way that par- 
ticles of food ai-e appropriated by the gelatinous 
processes of Actinophrys or Amoeba, 

5. ReparatiTe powers. — The reparative 
powers which many Sponges possess are by no 
means the least remarkable of their vital pheno- 
mena. If the substance of the Sponge sustain in- 
jury by incision or otherwise, the wounded sur- 
faces will be foimd, in the majority of instances, 
after a short time, to have completely healed. It 
has also been proved that separate fragments be- 
longing to the same species of Sponge, if placed in 
contact and allowed to remain undisturbed, will 
often, within a few hours, unite together, so as to 
form a single specimen ; and it has been further 
ascertained that the process of adhesion is in no 
wise interrupted by suffering the water to drain 
away from the specimens which are made the sub- 
ject of experiment. 

6. Splmila. — The spicula or mineral bodies, 
which are found in the majority of Sponges, vary 
considerably both in form and size (Jigs, 6 and 7). 
They occur throughout all the various structures 
of tiie animal, each of whose parts is stated by 
Dr. Bowerbank to contain its appropriate forms 
of these bodies ; one kind of spicules being found 
in the skeleton, another in the sarcode substance, 
whilst others, which project beyond the surface of 
the Sponge, are presumed to be of use in defending 
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their possessor from the attacks of other animals. 
Those which occur in the sarcode are usually of 
the kind which have been denominated ^ stellate,' 
many of them presenting a curious complexity of 
structure. Other spicules, whose forms are no less 
peculiar, are found in connection with the so-called 
* gemmules ' and similar reproductive bodies : thus 
in Spongilla, each of the spicula by which the 
** seed-like body " is surrounded presents the ap- 
pearance of a pair of toothed wheels united to- 
gether by an axle {fig, 8). 

The composition of the spicula is, in most cases, 
siliceous, but in Orcmtia and a few other forms 
they are found to be composed of carbonate of 
lime. 

It is evident from the peculiarity and constancy 
of the forms which spicula assume, and from the 
total absence of anything which can be compared 
to a crystalline structure, that they are to be re- 
garded as true organic deposits, resulting, it would 
seem, from the vital endowment of segments of 
the sarcode body especially set apart for their se- 
cretion. 

7. Classification. — We possess no good clas- 
sification of the Sponges, the several " genera " and 
"species" into which this group of animals is 
usually divided having been far too insufficiently 
examined to permit any arrangement of them 
which has hitherto been proposed to be regarded 
as aught else than temporary. We shall therefore 
select as an example of this section of the Proto- 
zoa the form denominated Tethya^ not that it is 
to be regarded as its most typical representative, 
but rather because its structure has been more 
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fully investigated than that of most other members 
of tiie group. 

8. Stmcture of Teihya. — From the obser- 
vations of Prof. Huxley it would appear that this 
Sponge consiste essentiaUy of three distinct struc 
tures, viz. : — 

I. A central, whitish, spherical substance {fig. 7, 
&, X) ; composed of a granular mass, asso- 
ciated with numerous cylindrical spicula. 

If A yellowish red intermediate portion {fig, 7, 
6, )8) ; composed of a granular uniting sub- 
stance in which ova and stellate spicula (a, k) 
are embedded. 

3. A deep red cortical substance (6, a); con- 
sisting of two zones, which merge insensibly 
into one another. Of these, tilie inner is 
composed of closely interwoven bundles of a 
fibrous tissue, and contains only a small num- 
ber of stellate spicules, whilst the outer zone 
is dense, granular, « contaming great num- 
bers of crystalline spheres beset with short 
conical spikes." 

The rod-like spicula which occur in the central 
substance are usually so arranged as to form an 
irregular network, becoming aggregated into bun- 
dles as they approach the intermediate substance. 
The several spicula contained in these bundles are 
at first nearly parallel to one another, but they 
gradually diverge as they radiate through the 
latter, terminating at length, in the cortical layer, 
beyond which a small number not unfrequently 
project. Numerous long solitary rods, in addition 
to tiie bundles, also radiate through tiie interme- 

pd 



diate substance. The longitudinal axis of each of 
the rods is traversed by a verj narrow canaL 

To return to the intermediate substance. Its 
granular mass is found to be altogether made up 
of small circulax cells (a, a), "and of sperma- 
tozoa in every stage of development from those 
cells. The cell throws out a long filament which 
becomes the tail of the spermatozoon, and becoming 
longer and pointed forms, iteelf, the head. The 
• perfect spermatozoa have long, pointed, somewhat 
triangular heads about -^^^ of an inch in diameter, 
with truncated bases, from which a very long fili- 
form tail proceeds." 

*' The ova (a, o) are of various sizes. The largest 
are oval and about j^ of an inch in long diameter. 

Fig. 7. 



Stnictnre of Tbteta;— a, portion of the in termed iste sob- 
itance of Tethga (mtignified), ebowing 0, ots embedded in sper- 
matic masa (■), together with uellate bodies (■); — b, lectioii of 
Tethya (nat. size), showing a, central portion, $, iDtennediata 
nibatance, b, cortical laj'er, S, canals. 

They have a very distinct vitellary membrane, 
which contains an opaque ooarsely granular yolk." 
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In the centre of each, smroimded by a clear space 
may be noticed tbe ' germinal vesicle,' and within 
the latter a minute ' germinal spot ' may sometimes 
be seen. 

9. Development. — The development of the 
Sponges is effected, 
a. by ova and spermatozoa; 
6. by various odier bodies, the true nature of 

'which is not yet sufficiently determined. 
a. True reproduction baa hitherto been proved 
to take place in Tetkya alone, altbough from 
analogy, there can be little doubt that it must 
Fig. 8. 




Stracinre of seed-like bod j of Spoiioili.i : — a, one of ihe seed- 
like bodiea of Spongilia Ma/tni, sbown in magnijied secifon ; b, 
one of ita spicnU seen in profile ; c, the same, viewed endwajs ; 
d, germa of cells of a (rerj much magnified) ; e, one of Ihe cells 
of a, containing gcrnu ; f, portion of conaceona membrane of 
a, (bowing hexagonal diviaiooB and Iraasparent centres. 

also occur in most other forms of the group. In 
the firesh-water Sponges small moving corpuscles, 
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similar to the spermatozoa of Tethya have been 
recently detected by Lieberkiihn. 

6. Carter has described certain "seed-like 
bodies " (fig. 8, a) which are found embedded in 
the gelatinous substance of SpongiUa. Each of 
these consists of a round or ovoid coiiaceous cap- 
sule, the slurface of which when magnified, pre- 
sents a hexagonally tessellated appearance (/), and 
is surrounded by a zone of the peculiar asteroid 
spicula (6, c) to which we have already referred 
(p. 36), these being embedded in a coating of gela- 
tinous matter. Within the capsule are numerous^, 
transparent, spherical "ovi-bearing cells" con- 
taining granules and germs in their interior (d, e), 
and surrounded by a cortical layer of peculiar 
nucleated cells. When arrived at maturity the 
contents of the seed-like body escape through the 
hilum or aperture with which it is provided, 
" under the form of a gelatinous mass, in which 
the ovi-bearing cells and their contents appear to 
be embedded entire." Next, spicula are developed 
and with them a delicate pellicle or "investing 
membrane " which would seem to be formed from 
the nucleated cells of the cortical layer. This 
becomes separated by an interval or "cavity" 
from the " parenchyma " or gelatinous substance 
enclosing the ovi-bearing cells. Apertures sub- 
sequently originate in the investing membrane, 
whilst at the same time a canal system is being 
formed in the parenchyma ; and, finally, the ovi- 
bearing cells are developed into a number of 
stomachal or " ampullaceous " sacs, which open 
into the incurrent canals. 

From the investigations of Lieberkiihn it would 
appear that the propagation of &pongiUa is some- 
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times effected by peculiar bodies to which the 
name of " swarm spores " has been given. These 
were oval in fonn ; more pointed at one end than 
at the other and consisted of three distinct sub- 
stances; viz. 1 9 an epithelial cellular envelope; 
2> a structureless cortical layer ; and 3, an interior 
spheroidal medullary portion. The latter is re- 
solvable into an exterior mucoid layer, containing 
a variable number of ** germ granules," embedded 
in an albuminous substance and associated with 
numerous minute siliceous spicula. The swarm 
spores were actively locomotive, swimming ra- 
pidly about by means of the cilia which were dis- 
posed in a regular manner over the entire surface 
of their bodies. After leading a somewhat restless 
existence for one or two days they sunk to the 
bottom of the vessel wherein they were confined, 
to which they soon after began to adhere. The 
greater number decayed; a few, however, were 
observed to expand into a delicate layer consisting 
of a gelatinous substance in which minute siliceous 
needles were embedded, and at length, on the 
20th day, the characteristic Sponge structures 
made their appearance. 

In addition to the germ-granules contained in 
the swarm spores, spherical aggregations of the 
same bodies, in a free condition, were not unfre- 
quently met with. They were found in all parts of 
Spongillay being especially abundant at the base 
or attached portion of the mass. 

With regard to the nature of the above swarm 
spores, and the relation which exists between them 
and ihe seed-like bodies, much has yet to be 
learned. Carter asserts that they are merely ciliated 
forms of the latter, a statement which, however 
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probable, must for the present be considered as 
unproven. 

In the interior of the canals of some marine 
Sponges minute bud-like extensions of the sarcode 
substance may readily be observed at certain sea- 
sons of the year, and these, which are provided 
with cilia, detach themselves from the body of the 
parent, and probably, at length becoming fixed, 
give rise to new Sponge formations. But it may 
be questioned whether these bodies have not been, 
in many cases, confounded with true ciliated 
swarm spores, similar to those which are found in 
Spongilla^ 

lo. JMitribiitloD. — The distribution of the 
Sponges may be compared, in many respects, to 
that of the Forarn/mifera. Like them they are 
almost exclusively marine, are found in most 
climates, but occur most abundantly, are more 
varied in form, and luxuriant in growth, on the 
shores of the warmer regions of the globe. Like 
them also they have been foimd in most of the 
geological epochs from the Silurian period to the 
present. The Sponges of the chalk have more 
especially attracted attention, the well known flint 
nodules of that formation, in many cases, owing 
their peculiar form to the presence of the extinct 
remains of these animals. Several fossil SpongidsB 
have been figured and described of which Pal(BO~ 
spongia is said to be peculiar to the Lower Silurian ; 
Actinoapongiay Ooniaapongia, and Perispongia 
to the oolite; sjid Hemiapongiay Thalamospon- 
gia^ Meandrospongia, Retiapongia, Ccdopty^ 
chiuniy Pleurostomxiy Turonia, with many others, 
to the chalk. The curious genus Cliona, which 
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possesses the remarkable power of excavating bur- 
rows for itself in shells and other calcareous 
bodies, is found in most of the secondary and 
tertiary formations, and is sufficiently abundant 
along the shores of the existing ocean. Since, 
however, we are still by no means certain as to 
what coiistitutes a genus among recent Sponges, it 
is evident that even greater difficulties must at- 
tend our investigations among extinct forms, and 
hence, any tabular arrangement showing the 
successive appearance and relative distribution of 
these " genera ^ seems to us, at present, premature. 

II. Affinity to Foramlnlfera. — The nature 
of the relationship between the Sponges and 
amoebiform Rhizopods has been already alluded 
to. Eecently, Dr. J. E. Grray has described, under 
the names of Carpenteria and Dujardiniay two 
remarkable attached forms of Protozoa^ present- 
ing characters intermediate between those of the 
Spongidce and ForaTninifera, Both of these are 
furnished with conical calcareous shells, composed 
of an aggregation of elongated chambers disposed 
in a spiral, the orifice of the last-formed chamber 
being placed at the apex of the entire shell. In 
Carpenteria^ the interior of the chambers ** is 
filled with a fleshy sponge-like body, strengthened 
by numerous minute, simple, pin-shaped and 
fusiform smooth spicula placed in bundles.^' In 
both of these organisms the entire shell is pierced 
with very many, minute, circular perforations. 
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CHAPTER V. 

THALASSICOLLIDiB. 
I. External characters. — 2. Organiflatian. — 3. Acanthometrs. 

• 

1. Kxtemal characters. — The group of 
Thcdasaicollidoe includes certain gelatinous marine 
animals which, though abundant in most seas, 
would appear to have remained altogether unno- 
ticed imtU the year 1851 when Mr. Huxley first 
directed the attention of naturalists to the pecu- 
liarities of structure which they present. They 
can scarcely be said to possess any determinate 
form, and seem to be destitute of the power of vo- 
luntary motion, being usually found floating near 
the surface of the water. In size they vary from 
an inch downwards. 

2. Ilri^aiiisatloii. — 8phoBroz(mrri purictcUurriy 
one of the most abundant of these animals, 
presents in many cases a somewhat ovate body 
constricted in the centre {fig. 9, a), and is found 
to consist of a transparent, colourless, gelatinous 
substance, destitute of structure, surroimding a 
large internal cavity. Enclosed in the gelatinous 
mass are a number of isolated, minute, '^^cellse- 
form bodies" (e), each of which consists of an 
external membrane filled with granular contents, 
within which a " clear fatty-looking " nucleus may 
be observed. 

The gelatinous mass frequently contains mi- 
nute, yellow, spherical cells, these being either 
irregularly diffused through its substance or 
grouped around each of the celladform bodies. 



The cellseform bodies are often Burrounded 
by peculiar cylindrical spicula, termiD&ting at 
both extremitieB in three or four conical raye, 
beset on either side with minute Bpine-like pro- 




Smcrare of Tbu-imicoludjc : — a, Spharozrmnt pmelaium 
(nat. Bim) ; b, vuietj of the time ; c, ThatoMuxBa aaeteatat 
d, Calloiphara Huxi^s e, jKirtioil of a (mngnifiefl) showing 
two of the ceUteToriD bodies with their coloared veeicles nuclei. 



In some specimens the central cavity is re- 
placed by an a^regatlon of large vacuolar 
spaces (6). 

Thalaeaicolla proper is more constant in form 
than the preceding, and is destitute of celleefoim 
bodies (c). It contains, however, the coloured vesi- 
cles above referred to ; these, aasociated with vacu- 
olar spaces and very many minute dark granules. 
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being aggregated round a blackish body placed in 
the centre of the spherical mass. The dark cen- 
tral body is found on examination to consist of 
a strong elairtic membrane, enclosmg a pale 
nucleus-like vesicle, embedded in a somewhat 
peculiar granular substance. Numerous slender 
branching ** fibrils" radiate through the gelati- 
nous body from the interior of the dark central 
mass. 

In CoUospJuera the spicules are absent, but the 
entire animal is enclosed in a transparent^ reticu- 
lated, very brittle shell (d). 

From the preceding account it will be evident 
that the Thxdcb88icoU{dce diflfer essentially from the 
other groups of AstoTnatoua Protozoa^ though they 
at the same time present remarkable affinities to 
more than one of these. Of their animal nature 
no doubt can be entertained, notwithstanding the 
assertion made by some that " they are referrible 
rather to the Diatomaceae," whilst others have de- 
signated them " agglomerations of organised ra- 
'phideSy as it were, raised to the state of inde- 
pendent beings." 

3. AcanthometraB. — The curious Acantho- 
metrcB of J. Miiller are closely allied to the pre- 
ceding. Their peculiar, silicfeous, radiating spines, 
which meet in the centre of the gelatinous body 
and project in most cases considerably beyond 
its surface, will sufficiently serve to distinguish 
them (Jig, lo). Like the Thalassicollidce^ the 
AcanthometroB are marine, and destitute of loco- 
motive power. In size they are more minute. 
It was proposed by Miiller to unite these animals 



TKAIABBlCOUAJiS. 



ACAStBOMSIRX I.AMCBOUTA. 

together with the Polycystiiui and TluUa83icoUid(B 
into a group by themBelves Darned Rhizopodia 
radiolaria. This arrangement ia indicated In the 
accompanying table. 
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TABLE 

SHOWING MtTLLEB-S ABBANGEHEITT OF 

THE THALASSICOLLID^, POLYCYSTINA, 
AND ACANTHOMETRiE. 



RHIZOPODA RADIOLARIA. 

A. RADIOLARIA SOLITARIA. 

(^Single.) 

1. ThalasslcoIIIna. 

(Animal naked : with or without siliceous spicula.) 

9. Polycyrtlna. 

(Animal enclosed in a siliceous^ reticulated, shellj coyering. ) 

3. Acanthometra. 

(Animal naked: with siliceous radiating spines.) 

B. RADIOLARIA POLYZOA. 

(Aggregated,) 

1. SphaBrozomidaB. 

(Animal naked : with or without siliceous spicula.) 

2. CoIl€MiphaBridae« 

(Animal enclosed in a siliceous reticulated covering.) 
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CHAPTER VI. 



GREGARINID^ 



I. Hftbit — 2. Form and Stnictare. — 3. Development. — 4. Classi- 
fication. — 5. Psorospermite. 

I. Habit. . — Dufoiu was the first to designate 
under the name of Qregairmce a group of micro- 
scopic organisms which differ remarkably in habit 
fi-om the preceding Protozoa^ since they have 
hitherto been only known to occur as parasites 
within the bodies of other animals, more especially 
those belonging to the sub-kingdom Annnioaa, 

a. Form and Stmeture. — The form of the 
body varies, being, in most cases, more or less 
ovate. In many Oregarinidce it is marked by 
clefts or strictures which, with their corresponding 
internal septa, divide it into two or more segments 
(Jig. 11). In some, a sort of process projects 
from one end of the body, and this is frequently 
furnished at its extremity with a number of re- 
flexed booklets, by means of which it is supposed 
that these animals are enabled to attach them- 
selves more firmly to those surfaces whereon they 
are usually found (d). 

Anatomically, the Oregarmidce are foimd to 
consist of a transparent membrane enclosing a 
mass of granular contents, in the interior of which 
a nucleus, surrounded by a well defined clear 
space, may in most cases be observed (c, d, /), 

The Oregarmidce are colourless, and would 
appear to possess a limited amount of locomotive 
power. 

E 
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3. development. — These animals hare been 
observed to propagate by a peculiar method, to 
which the tenu " conjugating process" has been, 
it would seem, somewhat hastily and erroQeously 
applied. Two Oregarinee come into contact and a 
cyst or capsule soon forms around them both. 

fig. II. 



Grgojlkihjb and PioxosFEaHix : — □, ejst of Grtgarhia ace- 

luridit, with two cells, containing in their interior a number of 
psendonaticalis ; b, Grtgari«a Sipuncvli, with two enclosed 
sells I e, two Gregariiia lanundii, adhering together bf their 
end* 1 d^ Gngariaa Sitboldii; t, peculiar pwudonltTicnla (?) 
from abdominal caritj of Sipnncnlns nadiu ; /, joDnger 
«lage of a ( 9, T«rioo» Ptomptrviia. 

Next, certain globular vesicles are produced in the 
interior of the cyst, and these become ultimately 
metamorphosed into peculiar bodies which have 
received the name of "pseudonaviculffi" (a, «,/). 
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The paxtition by which the two Orega/rmcB were 
at first separated meanwhile disappears, the cyst 
bursts, and the pseudonaviculse escaping therefrom 
burst in their turn, and give rise to amoebiform 
bodies which at length develope themselves into 
young OregarmidoB. But the coalescence of two 
Oregarinidoe is by no means a necessary prelimi- 
nary to the formation of pseudonaviculse, since 
these are sometimes observed to occur within the 
bodies of single animals. 

4. GlasdAflcatlon. . — The OregarvmdcB have 
been divided by Stein into three sections, viz. : — 

1. Monocystidece, — Simple OregarinidsD without 

constrictions or internal septa. 

2. GhregarmaricB. — GregarinidsB with the body 

divided into two portions. 

3. DidimophydcB. — Grregarinidse with the body 

divided into three parts, as if resulting from 
the adhesion of two individuals, one from each 
of the preceding sections. 

This, however, is merely an arbitrary division, 
and, if not erroneous, is certainly premature. 

By some the OregarinidcB have been regarded 
as vegetable forms ; by others, as larval stages of 
various Annulmda. Neither of these opinions has 
been supported by proofs, and, upon the whole, it 
seems desirable, for the present at least, to view 
these organisms as adult members of the sub- 
kingdom Protozoa, 

5. PBorospermlae. — The Psoroapermice are 
exceedingly minute parasitic creatures, occurring 
in great numbers both on and within the bodies 
of fishes. In form they are ovate, hemispherical, 

E 2 
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or depressed, and are frequently provided with a 
peculiar fish-like tsiil(Jig. 11, gr). They consist 
of a somewhat tough external membrane, within 
which are two or more oblong vesicles, usuaUy 
situated near the anterior extremity of the body. 
In addition to these a globular mass of organisable 
matter niay often be observed. Lieberkiihn has 
shown that, under certain circumstances, the Pso- 
rospermicB may burst, when the globular mass, thus 
liberated, will be found to resemble the amoebiform 
bodies resulting from the rupture of the pseudona- 
viculsB above referred to. Hence it is exceedingly 
probable that the PsorospermicB are identical with 
the pseudonaviculae of true Qrega/rvnAdx. 
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CHAPTER VH 



INFUSORIA. 



X. Nature of Inftifloria. — 2. Example of the group: Yorticella. — 
3. ClassificatioiL — 4. Size. — 5. Form and Stnicture.— 6. Diges- 
tiye apparatus. — * 7. Contractile yeside. -^ 8. Nucleus, &c — 
9. Urticating organs. — xa Locomotive organs. — ix. Develop- 
ment. — 12. Distribution. — 13. Noctiluca. 

!• UTature of InAisoiia. — If water^ in con- 
tact with organic matter^ be exposed to the atmo- 
sphere for a few days, it will probably be found to 
contain, upon examination, a considerable number 
and yariely of Uving beings, whose size is sach as 
to render the majority of them invisible to the 
unassisted eye. These minute creatures received 
from the older microscopists the name of Infuao^ 
riay a term having reference to their frequent oc- 
currence in most animal and vegetable infusions. 
Subsequently, they were investigated with great 
industry by Ehrenberg, who figured and described 
a vast number of "species" belonging to the 
group, all of which he arranged imder two leading 
divisions, denominated respectively, Rotifera and 
Polygdstrica. But the recent observations of se- 
veral eminent naturalists have, however, shown 

1st, That the organisation of the Rotifera is of 
a far higher nature than had been suspected 
by Ehrenberg, and that the true position of 
these animals is in the Annulose sub-kingdom* 
and, 

andly. That the Polygastrica of Ehrenberg may 
be defined as a heterogeneous assemblage of 

E a 
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minute (in most cases^ organised) beings, 
chiefly consisting of 

A. Ehizopoda; 

B. Unicellular and other Algae ; 

C. Embryonic forms ; and, lastly, 

D. True Infusoria. 

The true nature of many of the Infusoria 
proper is still a disputed question. 

According to Dujardin, their bodies are com- 
posed of a gelatinous substance, similar to that 
which we find among the Rhizopoda. By Siebold, 
Meyen, Kolliker, and others, they have been re- 
garded as imicellular animals ; a view of their 
nature which certainly does not appear to be con- 
firmed by the examination of the more highly or- 
ganised forms. Agassiz, on the other hand, has 
endeavoured to get rid of the entire group of In- 
fusoria by assigning higher positions in the animal 
kingdom to those of its members whose non-em- 
bryonic nature would seem to be fiilly established. 

In the midst of so many conflicting opinions, 
the following course has seemed to us most worthy 
of adoption. 

Combining the results of our own recent obser- 
vations with those of the more elaborate inves- 
tigations of Clapardde, Lachmann, and others, we 
shall, with some limitations, adopt the views of the 
last-mentioned authors, and define the InfuaoriaBS 
Anvmala bdongvng to the department of Proto- 
zotty provided with a mouth and rudmientary 
digestive apparatus; thevr bodies usually con- 
sistvrvg of three distvnct layers^ the outer of which 
isy m TYiost cases, furnished vnth a variable nwmr- 
ber of dlda. 
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1. KxBmple or tbe group t Toitlcella. 

— A good example of the true Infusoria is fur- 
nished by Vorticella, a large and well-known 
form, found plentifully on the roots of duckweed 
and other similar situations. A group of these 
elegant organisms, when placed under the micro- 
scope] presents the appearance of a number of 
bell-^aped vases, each of which surmounts the 
extremity of a slender pedicle or Etalk (^Jig. i2, a). 



Strnctnre of Vobticku.a, ftc. : — a, group of Vortmlla ne- 
bnlifira, showing at n, a Turticella epiraUy contnicled on its 
■talk ; fi, aaolhtx form, with iu cilia reiiacted ; y, a third fona, 
nndergoiag fiseiparouB division ; I, a. detached Vorticella bad, 
fiirmBbcd with a pasterior circlet of cilia ; — b, upper portion ot 
Vorticella campanula (very much magnified) ; f, GommeDCe- 
ment of ciliary tpinil ; ir, psristome , K, lumen of ceeophaguB ; 
ff, bent briatle eilnated in tha ventibnlum ; B, one of the Btton£er 
cilia which miss in front of the mouth ; k, contractile Tcaicle ; 
r, band'like nucleus ; i, cuticle ; /i, contractile filament of stem 
forming apical prolongation of contractile layer ; -~c, diagram* 
malic section of Parainecium, showing i, cuticle bearing the 
cilia 1 K, K, contractile Tendes contained in the parenchyma ot 
tbe bod J, i. 
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If one of these vase-like bodies (b) be carefully 
examined, its edge is seen to be surrounded by a 
projecting rim or border, which has recdved the 
name of * peristome' (tt). Within the latter is 
placed the *disk,' the outer edge of which is 
provided with one or more circlets of ailia (0). 
The peristome itself is not furnished with these 
appendages. The mouth is placed in a small 
opening situated near the edge of the disk, 
between it and the peristome. The disk, which is 
separated from the peristome by an intervening 
furrow, forms the upper surface of a peculiar pro- 
cess termed the * rotatory organ,' which the 
animal has the power of retracting deeply into the 
interior of the body, over which latter a covering 
is then formed by the contraction of the peri- 
stome. The cilia with which the outer edge of the 
disk is furnished are arranged in a spiral line. 
This spiral commences a litUe to the right of the 
oral orifice, above which it proceeds towards 
the left, and, after performing one or more revolu- 
tions round the edge of the disk, descends into the 
* vestibulum ' or commencement of the digestive 
apparatus. In addition to the oral orifice, the 
vestibulum is provided with a lateral aperture 
which would appear to discharge the function of 
an anus. Between the anus and the mouth 
springs a stiff bent * bristle' (/8), which usually 
projects beyond the edge of the peristome. From 
the vestibulum a short tube called the ^ oesopha- 
gus' leads to a wider portion of the digestive 
canal which has been termed the 'pharynx.' 
The latter is fusiform in shape, being truncated at 
its lower extremity, which hangs down into the in-* 
terior of the body, forming an abrupt termination 
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to the simple alimentary apparatus. It should 
also be mentioned that the spiral line commenced 
by the circlet of cilia is continued by the vestibu- 
lum and oesophagus, the longitudinal axis of which 
may be considered as nearly parallel to the plane of 
the ciliary disk. The position of the pharynx, on 
the other hand, is perpendicular to this plane, so 
as almost to correspond with the general axis of the 
body. 

Externally, the Vorticella is invested with a thin 
membranous integument or * cuticle ' (t), within 
which is placed the * parenchyma of the body * 
sometimes known as the ^ cortical layer.' In t^e 
substance of the latter may usually be seen the 

* contractile vesicle ' (/t), which lies close beneath 
the cuticle, near the anterior extremity of the 
body. In contact with the parenchymatous layer 
may also be detected the peculiar band-like body 
termed the * nucleus ' {v\ the position of which 
would seem to vary in different individuals. The 

* stalk ' of the Vorticella consists of a tubular 
prolongation of the cuticle, having its longitudinal 
axis traversed by a peculiar contractile filament 
(/Lfr), which is regard^ by some observers as the 
produced apex of a special contractile layer^ distinct 
from the * parenchyma of the body.' 

By the rapid motion of its vibratile cilia the 
Vorticella is enabled to create currents in the sur- 
rounding water, by means of which any alimentary 
particles that may be floating therein are brought 
into the neighbourhood of the vestibulum. Some 
of these are rejected, whilst others are quickly 
propelled through the ciliated oesophagus into the 
phiurynx, where they usually remain until a suffi- 
cient number become aggregated into a single mor- 
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seL The latter then quits the alimentary appa* 
ratus and is passed into the interior of the body, 
to the posterior extremity of which it runs, and 
then, taming upwards, rises on that side which is 
opposite the pharynx. For some time after the 
£se^ has JaS^om the pharynx it ret^s 
the fusiform shape which it had acquired therein, 
but when, changing its course, it commences to 
turn upwards, it becomes somewhat globular in 
form. As soon as this is the case it ceases to have 
any separate motion of its own, and takes part in 
a general rotatory movement which is shared by 
the entire contents of the interior of the body, 
the nucleus alone (according to Lachmann) being 
exempted. The morsel, after making one or 
more circuits within the body, at length arrives 
in the neighbourhood of the anus through which 
it passes into the vestibulum. The final removal 
of the indigestible remains of the food is effected 
by means of the strong non-vibratile cilia which 
arise in front of the mouth, and it is not improba* 
ble that these (which must not be confounded 
with the vibratile cilia belonging to the spiral) are 
also employed in guarding the commencement 
of the alimentary apparatus from the ingress 
of coarse or adventitious particles, which might 
otherwise obstruct the entrance of the oesophagus. 
Though usually fixed, the VorticeUa is some- 
times observed to detach itself and swim slowly 
about in the surrounding water ; it has also the 
power, when alarmed, of contracting its stalk into 
a series of spiral folds, and of again causing it to 
resume its erect position, both of these movements 
being performed with great rapidity. 
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3* ClaMllleatloii. — Of the numerous me- 
thods of arranging the Infusoria which, at differ- 
ent times, have been proposed, those of Ehren- 
berg, Dujardin, and ClaparMe appear to be most 
worthy of attention. All these classifications must, 
however, be regarded as premature, smce we know 
so little of the life-history of these animals that 
it is by no means improbable that many appa- 
rently distinct species are nothing more than 
transitional conditions of more adult forms. It is 
now many years since it was satisfactorily demon- 
strated by Cohn, that at least eight of Ehrenberg's 
genera were merely so many different stages in tiie 
development of one of the lower Algse, Hence, 
in the following account of the Infusoria^ it will be 
desirable to confine ourselves to the description of 
those more important characteristic features which 
have been made the subject of renewed and care- 
ful investigation, directing attention, as we pro- 
ceed, to those members of the group, in which 
such characteristics may most readily be observed. 

4. Size. — The Infusoria vary considerably in 
size, the greater number being invisible without 
the assistance of the microscope. Thus the ave- 
rage length of the body of Vorticellay exclusive of 
the stalk, may be estimated at *003 of an inch. 
StefrvtoT {fig. 13, a), which is, perhaps, the largest 
of all Infusoria, attains a length of '(H of an inch, 
whilst others are so minute as to present the ap- 
pearance of mere moving points imder the higher 
powers of the most improved instruments. But, 
since the true nature of these last can be judged 
of only by analogy, it seems probable that they 
ought rather to be regarded as vegetable monads. 



or embryos, either of higher animalu or true In- 
fusoria. 

5. Vonm aMl StraetorF, — In outward form 
the Infusoria may be said to vary indefimtely, all 
being, however, more or lese rouiwied (figs. 13 and 
14). The pieeence of a simple spinjly coutrac- 
tile stalk is especially characteristic of the true 

Fig. 13. 




Varione fonsB of Istohoku : — a, Slailor MSDxiii b, CK- 

todon cacuttahu; c, Oxytricha gibba; d, Arpidiica Ijpicau; t, 
Euptotea pattUa (under tIew) ; e", the SBme (ride view) ; /, Pe- 
ranatia globuhta ; g, Vaginicata cryilaUina. 

Vorticdlos; in other stalked forms, the pedicle is 
eitiier rigid as in Epietylis, or branched as in 
GarckeaiuTii and Zootkamniwm. Vaginicola (Jig, 
13, g) has the body protected by a membranous or 
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homy 'carapace,' witlun which the animal can re- 
treat when alarmed ; and, in some cases, additional 
[a«tection would seem to be afforded by a valve 
placed obliquely acrosa tie upper end of this 
sheath {Jig- i4i a). In Lagotia (b) the rotatory 
organ terminates in a pair of wide ciliated lob^ 
wUch are seldom seen at reat during the life of 
the Mi '")ft 1. In Ophrydiwm, the most anomalous, 
fVj.14. 



Moriiu IirrusOBU : — n, Vagia-kola vaioata, shtnrmg animnl 
extended and t^Its (4>) raised ; a', the same, filtowing animal 
eoDtnKled within ila sheath and Talve C^) shut down \ — b, 
Lagotia viridu, showing rolaupy organ ( ; U, joung animal of 
preceding. 

perhaps, of all the true Infusoria, the several 
animalcules, though sometimes found detached, 
are more frequently embedded in the interior of a 
greenish gelatinous substance which sometimea 
occurs in masses of such extent as to have been 
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mistaken for frog's spawn^ to which, in oonsistr 
ence, it bears some resemblance. 

Anatomically, the bodies of most Infusoria may 
be regarded as consisting essentially of three dis- 
tinct structures, viz. : — 

1. The cuticle or integument ("pellicula** of 

Carter) on which are borne the cilia and 
other locomotive apparatus {jig. 12, c — c); 

2. The cortical layer or parenchyma of the body 

(" diaphane " of Carter) (f) ; and 

3. The chyme mass, abdominal cavity, or in- 

terior of the body (sarcode or " abdominal 
mucus " of Carter), within which the particles 
of the food rotate. 

It is not certain whether the carapace, with 
which some Infusoria are provided, be distinct 
from the cuticle properly so called. We have 
already seen how, in Vaginicola and its allies, it 
is so far separated from the rest of the body as to 
act the part of a protective sheath. 

Of the above structures, the second alone pos- 
sesses any contractile power. 

In those Infusoria which are attached, e. g. 
VorticeUoy the free extremity of the body which 
bears the ciliary disk is termed "anterior," the 
end remote from this being said to be "poste- 
rior." The term "ventral" is usually applied 
to that side of the body on which the mouth is 
placed. 

5. MgeaiiTe apparatwi. — In all those In- 
fusc/ria whose animal nature has been placed above 
suspicion the presence of a mouth must be re- 
garded as universal, though the position of this 
organ varies considerably among the different 
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members of the group. The mouth is often sur- 
rounded with cilia. These cilia, as we have seen 
in the case of VorticeUay are usually continued 
into the oesophagus^ though the latter would seem 
to be in some cases destitute of these appendages. 
In most Infusoria the oesophagus presents the 
appearance of an open tube, freely hanging down 
into the cavity of the body; but in some of these 
animals it is completely collapsed, and it is only in 
Vorticella and a few of its cJlies that it has been 
observed to widen below into a pharynx. Eecently, 
however, it has been proved by the observations of 
Lieberkiihn, that in Tracheliua and Loocodea the 
cesopha^s is continued^ into a peculiar ramified 
canal. In other Infusoria it is altogether wanting, 
and in these the alimentary apparatus consists 
merely of a mouth leading into a cavity excavated 
through the parenchyma of the body. In Chilo" 
don and Naasvla, the interior of the oesophagus is 
provided with a number of pecuUar rod-like "teeth'* 
arranged in the form of a cylinder (fig. 13, 6). 
Besides the oral orifice, many Infusoria are pro- 
vided with an anus, which in Stentor, VorticeUa^ 
and certain of their allies, is situated not far from 
the mouth, close beneath the surface of the disk^ 
whilst in others, e. g. Bursaria, it is placed at the 
posterior extremity of the body. 

7. Con^actlle Tesiele. — We have already 
noticed in Amoeba and Actin^hrys the existence 
of certain clear spaces which occur in the substance 
of the body, and in which movements of con- 
traction and dilatation have been seen to take 
place. Similar contractile vesicles have been ob- 
served in most of the true Infusoria, being usually 
situated in some partof the parenchymaof the body 
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{fig. I a, ic\ In their dilated condition these ve- 
sicles would seem to be filled with a clear fluid, 
which suddenly disappears when they contract. 
It may, in some cases, be noticed that the vesicles 
are furnished with branches or processes, and 
Lachmann asserts that he has seen two such pro- 
cesses issue from the large contractile space of 
Stentor polymorphua, the one annular, running 
beneath the surface of the ciliary disk, the ot^er 
longitudinal, proceeding to the posterior extremity 
of Qie body. When the vesicle contracts, both of 
these ^^ vessels " suddenly expand, the longitudinal 
vessel, in particular, being seen to present nu- 
merous dilatations. At the same time two rounded 
expansions make their appearance in the annular 
vessel, the one being situated in the neighbour- 
hood of the anus, the other lying close to the 
oesophagus, on the ventral surface of the body. 
When the contractile vesicle reappears, both of 
these vessels gradually decrease, " appai*ently with- 
out any contraction of their own." In healthy spe- 
cimens of Bursariay Ophryoglena^ and Parame- 
ckmiy the contractile vesicles, together with their 
associated vessels, assume a peculiar stellate form. 
These and other similar appearances, observed in 
the bodies of various Infii^oriay are supposed by 
some to present us with what may, perhaps, be 
termed a rudimentary apparatus of circulation. 

It seems proper to distinguish the^above con- 
tractile vesicles from certain other clear spaces 
which have received from Dujardin the name of 
** vacuoles." These may make their appearance 
in any part of the interior of the body, and are 
usually observable within a short period after food 
has been swallowed* They may readily be known 
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from true * vesicles' by the variations which con- 
tinually occur in their size^ number, and position, 

8. urnelens, Ae.^— Most, if not all, of the Infu- 
soria are provided with one or more central solid 
particles or 'nuclei,' the presence of which we 
have already stated to be more or less charac- 
teristic of the Protozoa. The nucleus varies in 
position, being in most cases attached to some 
part of the parenchyma of the body. It varies 
also both in form and structure. Thus in Vorti- 
cella and Stentor it is elongated, band-like, con- 
sisting of an external membrane filled with granu- 
lar contents, whilst in Ophryoglena (according to 
Lieberkiihn) it is ovate, and destitute of any ap- 
parent structure. In other Infusoria it may be 
either round {Oocytricha\ reniform {Loxode8\ 
shaped like a horse-shoe {Euplotes\ or spiral (as 
in some species of Stentor). Sometimes, though 
rarely, it is branched. In colour it is usually pale 
yellow. 

In the granular contents of some nuclei a cleai* 
space or cavityis observable, within which a smaller 
body termed the * nucleolus ' is placed. In other 
cases it occurs on the exterior of the same organ. 
Lieberkiihn describes the nucleolus of Ophryoglena 
as minute, globular, structureless, and firmly at- 
tached to the surface of the ovate nucleus. But 
in Chilodon^ the centre of the nucleolus is marked 
by a transparent dot. 

A bright coloured particle (usually red), termed 
the * pigment-spot,' is found in the bodies of 
many Infusoria. In somei it is altogether desti- 
tute of structure, in others it is made up of a 
number of exceedingly minute granules. 

F 
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In Ophryoglena Jlavicana a remarkable body 
termed the ** watch-glass-like organ" has been 
recently observed by Lieberkiihn. It is colourless, 
transparent, homogeneous, and immovable, with 
its convex side turned towards the pigment spot, 
whilst its concave side is directed towards the 
point of the head. It has also been detected in 
Bursaria fiava. Its use (as also that of the pig- 
ment spot) is unknown. 

9. Urtleatlng organs. — In the cortical layer 
of Buraariay certain peculiar fusiform bodies or 
*trichocysts' have been detected, and from these 
Prof. Allman states that he has observed the emis- 
sion of minute filaments which bear some resem- 
blance to the urticating organs of the fresh-water 
polype. They occur, aJso, in other Infusoria. 

10. IiocomotlTe organs. — In by far the 

greater number of Infusoria locomotion is efifected 
by the vibratile movements of the peculiar hair- 
like appendages usually denominated cilia. The 
cause of these movements is at present unknown, 
nor is it certain whether they are dependent 
upon volition. The cilia vary in position and 
mode of aiTangement among the several members 
of the group. Thus, in Enchelya they are scat- 
tered, apparently without order, over the entire 
surface of the body ; in Vorticdla and Vaginicola 
they are confined to the neighbourhood of the an- 
terior extremity, whilst in Paramecium and its 
allies they are disposed in a series of regular rows, 
parallel to one another. In other Infuaoiria they 
either surround the entire margin of the flattened 
body, or encircle it in the form of an obhque 
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spiral. In Trichodina there is a crown of cilia on 
the back, in addition to which a peculiar undula- 
tory membrane, richly furnished with these minute 
organs, occurs on the ventral surface of the body. 

In form the dlia may be described as elongated, 
broader at the base than at the tip, beiag usually 
somewhat flattened. They vary in length from 
•02 to about '00005 of an inch. Their motion is 
mostly uniform, each of the cilia bending in rapid 
succession from its base to its point, and returning 
immediately to its original condition : sometimes 
these movements suddenly cease, but after a mo- 
ment's pause they are again resumed either in 
the same or in an opposite direction. From their 
minute size the cilia are often difficult of detection. 
Their presence, in many cases, can hardly be ascer- 
tained until their motion has very much slackened, 
or it may be indirectly inferred from th^ agita- 
tion of floating particles caused by the currents 
which are excited in the surrounding water. 

By means of these cilia, the Infusoria move ra- 
pidly about in the water wherein they are found, 
and it is curious to observe how, when a number 
are confined to a small portion of that fluid, they 
rarely seem to come into collision with one an- 
other or any obstacles which may be placed in their 
way. 

Besides the true cilia, other appendages, of ap- 
parently similar nature, but larger size, are met 
with among manj Infusoria. Such, for example, 
are the * setae' or ciliary bristles of Oocytricha 
(^.13,0), the 'imcini' (hooks) and 'styles' of 
Euplotes (e, e'), and the *flagelliform filaments' 
of Peran^ma (/ ). The latter may be described as 
long filamentous prolongations, proceeding from 

r 8 
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the anterior extremity of the body, their termina- 
tions only being capable of performing vibratory 
movements. But there is reason to infer that 
many of the organisms in which they occur are, in 
all probability, members of the vegetable king- 
dom. 

All the above appendages are properly to be 
regarded as elongated processes of the cuticular 
layer. It has been asserted by some observers 
that each of the cilia arises from the apex of a 
four-sided prism. But further observation on this 
point is necessary. 

The contractile movements which the stalk of 
Vortiodla undergoes have been described in our 
account of that Infusorium. 

II. DeYelopment. — Propagation is effected 
among the Infusoria by 

a. Fission, 

b. Gremmation, 

c. Encystation, and 

d. True reproduction (i. e. by ova and sper- 

matozoa) ? 

Of these the three first tend to separate the 
individual into a number of seemingly independ- 
ent beings or * zooids,' while the fourth method 
gives rise to new individuals. For an individual 
(in Zoology) is equal to **the total result of the 
development of a simple ovum." 

a. Multiplication by the method of fissipa- 
rous division is of frequent occurrence. It may 
be either longitudinal {VorticeUa), or transverse 
{St€7vtor\ or either indifferently {Chilodany Ev^ 
ploteSf Parameciwrn). It is usually stated that 
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the process of sepai^tion first commences in the 
nucleus^ but this is incorrect, since in some cases 
its division into two parts is not effected until 
that of the body is nearly complete, or it may 
happen that fission of the nucleus is not partici- 
pated in by the body as a whole. 

6. OemTnation (or the development of buds) 
takes place far less frequently than fission. It is 
best seen in Vorticella. Here a bud is formed 
(usually near the posterior extremity of the body) 
by the expansion of a portion of the cortical layer, 
lliis at first derives its nutriment by means of a 
diverticulum or prolongation proceeding from the 
digestive cavity of the parent animal. At length 
this connection is interrupted, the bud becomes 
furnished with a posterior circlet of cilia, by the 
aid of which it finally detaches itself and swims 
freely about in the surrounding water {fig, 12, S). 
It should, however, be borne in mind that the dif- 
ference between fission and gemmation is more 
apparent than real, and in many cases it is im- 
possible to distinguish the one from the other. 

c. Some Infvsoria, previously to imdergoing fis- 
sion, become coated with a secretion of gelatinous 
matter which gradually hardens so as to enclose 
the body in a *cyst.' In other cases, peculiar 
vesicular bodies become formed in the interior 01 
such cysts, through which they finally burst, and, 
becoming ruptured at the apex, give exit to the 
embryos contained in their interior. But it would 
appear, from recent observations, that the pre- 
vious formation of a cyst is by no means necessa- 
rily antecedent to the production of the vesicles 
in question. 

According to Stein, the process of encystation 

t 3 
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is sometimes followed by a remarkable succession 
of phenomena^ which have been thus described 
by their discoverer, as they occur in the case of 
VorticeUa microstoma {fig. 15). An old Vor- 
ticella loses or retracts its cilia, becomes encysted 
(a) and finally drops off its stalk (6). The 
cyst may either burst and discharge its contentB 

Fiff, 15. 




Deyelopment of Yobticella kigeostoma : — a, old Fbrft- 
ceUa in its encysted state, the nucleus and contractile vesicle 
being visible within the body ; 6, the same, detached from its 
stalk ; c, cyst discharging its contents ; d, the band-like nucleus, 
isolated ; e, Acineta form of encysted VorticeUa ; /, stalked Actr- 
neta (^=Podophyrd) form of the same ; g^ two Acineta forms in 
a state of conjugation; A, two Podophyra forms in the same con- 
dition. 

in the manner already indicated (c), or become 
changed into an *^ Acineta form " (e). The latter 
may subsequently develop a stalk, so as to as- 
sume the appearance of a ^' Podophyra^ (J), In 
either instance, the band-like nucleus becomes 
transformed into a peculiar ovate body, the narrow 
end of which is provided with a circlet of vibratile 
dlia, whilst a mouth leading into an internal 
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cavity soon becomes formed at its opposite extre- 
mity ; at the same time a nucleus and contractile 
vesicle may be obseirved in its interior. Ultimately 
the ovate body escapes through a rupture formed 
in the wall of the cyst, which soon after closes, 
and after a while a new nucleus is produced in 
its interior, which in its turn may become trans- 
formed in the same manner as its predecessor. 

Belations somewhat similar to those which con- 
nect Vorticella and Aci/neta have been affirmed by 
Haime to exist between Aspidisca (or Trichoda) 
(fig. 13, d) and Oxytricha (c). 

If these statements be admitted as true, it 
follows that important modifications will be thereby 
effected in our views as to what constitutes a 
** genus " or " species " among the Infusoria; since 
they would appear to show that ^ AciTieta^ and 
Podophyra, usually considered to be distinct genera, 
are rather to be regarded as intermediate or transi- 
tional forms produced by the metaphormosis of 
encysted VorticellcB, But the conclusions of Stein 
have recently been altogether rejected by Lach- 
mann and others, who assert that in none of his 
observations did he take sufficient cai-e to isolate 
the specimens submitted to examination. 

It sometimes happens that two or more Infu- 
soria cohere together, but in an imperfect manner, 
a line of demarcation being always observable 
between them {fi^. ^5^ 9 and h). To this union 
(the object of which has not yet been ascertained) 
the term "conjugation" is often improperly applied. 

d. Under the head of true reproduction the 
following series of changes, recently observed in 
ParaTnedwm by Balbiani, would seem to be de- 
serving of mention. Two Para/meda adhere toeje- 

F 4 
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ther, their mouths being closely applied to one 
another, and in this condition they move rapidly 
through the water wherein they are confined. 
Next, the nucleolus of each undergoes a consider- 
able increase in size, and assumes the form of an 
ovate capsule striated on its surface. It then 
divides into two or four parts which increase inde- 
pendently of one another, and form a number of 
secondary capsules. Meanwhile the nucleus also 
enlarges, becoming at the same time roimder, 
wider, and softer in consistence; a number of 
transparent spherical bodies are formed in its inte- 
rior, within each of which an obscure central point 
may be observed. Sometimes the nucleus breaks 
up into fragments, previous to the formation of the 
spherical bodies. After a certain period has been 
permitted to elapse, a transfer is effected by the 
two conjoined Parameeia of one or more of their 
secondary capsules, which pass through the closely 
appressed mouths from the body of one into that 
of the other. But this does not hinder the further 
increase of the capsides in size, which still con- 
tinues after their transference has taken place, one 
only arriving at maturity at the same time. Five 
or six days after copulation minute rounded germs 
make their appearance; these for a time remain 
attached to the body of the parent animal by 
means of the suckers with which they are pro- 
vided. At length they detach themselves, lose 
their suckers, acquire a mouth in their stead, and, 
becoming furnished with vibratile cilia, take on 
the aspect of adult Parameeia, 

Such are the facts as stated by M. Balbiani. 
He explains them by regarding the nucleus as an 
ovary, its contents as ovules, and each of the 
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secondary capsules as a testis. The transference 
of the capsules is then an act of fecundation^ and 
dissection of these bodies when fully developed 
would seem to corroborate this view, since they 
are found to contain numerous minute fusiform 
bodies, the exti'emities of which are so fine as to 
be almost invisible. These are- said to be sper- 
matozoa. 

12. Blsiiibntlon, — The Infusoria are very 
abundantly distributed over most parts of the 
globe, nor does there appear to be any remarkable 
difference, either in aspect or organisation, between 
the forms of temperate and tropical climes. They 
are found plentifully in ponds, lakes, rivers, salt 
marshes and the sea itself, some species, e. g. 
ChUodon cuculluluSy being common to both fresh 
and salt water. They occur also in many artifi- 
cial infusions, and there can be little doubt that 
several of these animals have been occasionally 
met with as internal parasites. Those who re- 
qmxe Infusoria for microscopic examination may, 
without much difficulty, obtain most of the more 
remarkable forms, by searching for them diligently 
in suitable localities, the exact nature of which 
can only be learned by experience. Thus, the 
muddy sediment at the bottom of pools may be 
examined for such species as avoid the light, whilst 
others, on the contrary, are obtainable only by 
skimming the surface of the water. Careful in- 
spection of the stems and roots of sub-aquatic 
plants will often reveal the presence of Vorticella, 
Vaginicola, Stentor^ and other attached forms. 
The last-mentioned of these is almost visible to 
the naked eye, and the practised observer soon 
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learns to recc^nise the appearance presented by 
the aggr^ated colonies of Vortioella or E'piatylie. 
There are no true fossil Jji/^twoWo, the organisms 
usually designated by this name being elti^er Fo- 
raminifera, Polycyatvna, or DiatomacecE. 

13. Koctllaea, — Certain of the nmrine In/u- 

Borta are phosphorescent, contributing, along with 
other animals, to impart a luminous appearance 
to the sea-water wherein .they abound. But this 
remarkable property is poss^sed in a much more 
eminent degree by No(Ailuca, an organism whose 
Fig. 16. 
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true position in the animal kingdom has long 
been much misunderstood. The simplicity of its 
organisation shows it to belong to the Protozoa; 
and, since it is provided with a distinct mouth, it 
ought probably to be regarded as an aberrant 
member of the group Infusoria. Its structure has 
been of late years iuTestigated by Quatref^es, and 
Krohn, and still more recently by Mr. Huxley. 
In form it is nearly globular, presenting on one 
side a ' hilus,' or groove, from the anterior extre- 
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mity of which issues a peculiar curved stalk or ap- 
pendage, marked by transverse lines, which would 
seem to be made use of as an organ of locomotion. 
Near the base of this * tentacle' is placed the 
mouth, provided on one side with a tooth-like pro- 
jection. The mouth leads into an * oesophagus,* 
from the bottom of which a delicate flickering 
filament or ^cilium' is sometimes protruded. 
The oesophagus passes into a dilatable digestive 
cavity which is supposed by Mr. Huxley to be con- 
nected with a small funnel-shaped depression or 
^ anal aperture ' situated in the midst of a flattened 
space behind the mouth. An oval 'nucleus,' 
rather les» than *002 of an inch in length, lies in 
front of the digestive cavity. The body of Nocti- 
luca is invested by a rather firm membrane, 
destitute of cilia, beneath which occurs a gelatinous 
layer richly furnished with minute granules. From 
this layer arises a network of delicate granular 
* fibrils,' which unite to form coarser fibres as they 
proceed towards the centre of the body, imtil finally 
they reach the nucleus and digestive cavity. The 
diameter of Noctiluca varies from •04 to '01 of 
an inch. It is, perhaps, the most frequent source 
of the diffused luminosity of the sea in tempe- 
rate climes, the light which it emits being, as it 
were, the combined result of a rapid succession of 
vivid scintillations. 

Noctiluca multiplies by spontaneous fission. 
Within the body of this animal Busch observed the 
existence of certain brown masses, containing gra- 
nules in their interior. It is not certain whether 
these were true ova or merely the result of a 
process of gemmation. In other NoctH/acce the 
same observer detected peculiar germ-like bodies, 
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each furnished with an obtose process. These 
germs were also met with in a free condition, and 
their development was traced up to a certain pointy 
after which Busch was obliged to discontinue his 
investigations. 

In the same situations as JVbc^iZiu^, Busch further 
discovered numerous transparent gelatinous bodies, 
of similar size and appearance, and possessing, in 
many cases, phosphorescent properties, though not 
provided with radiating fibres, or locomotive ap- 
pendage. These bodies were almost destitute of 
structure, but on a portion of their surface there 
usually occurred several remarkable yellowish pro- 
cesses, either rounded or tapering to a point, con- 
taining in their interior minute spherical granules. 
The nature of these problematical organisms pre- 
sents a subject for future inquiry. 



77 



NOTE ON 'ACINETA FORMS.' 



It seems proper to conclude, with Lachmann, that 
these organisms are not, as was formerly supposed, 
Bhizopods allied to AcHnophrys, nor yet again meta- 
morphosed conditions of VorticeUa^ but that thej 
rather constitute a distinct group of Infusoria^ to 
which the term 'poljstome' might, without objection, 
be perhaps applied. For each of the radiating fila- 
ments ifig* 15, e) witli which the AdneUs are pro- 
vided is, in truth, a retractile tube, susceptible of 
elongation to a remarkable extent, and furnished at 
its extremity with an adherent disk. With the aid 
of these unique organs an Acineta is enabled, not 
onlj to seize and retain its more active prey, but also 
to imbibe the nutrient particles contained in the body 
of the latter, by a peculiar method of suction. When 
the size of the prey is considerable, this process has 
been observed to occupy several hours. With the 
exception of the above-mentioned mouths, no other 
aperture has been hitherto discovered in the bodies 
of these animals. 
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QUESTIONS ON THE PROTOZOA. 



1. Why 18 it desirable to separate Amoeba and its allies ftt>m the 

true Infhsoria ? 

2. Compare Pamphagns with Amceba and Difflogia. 

3. What are PsorospermisB? 

4. Describe the process of gemmation in Vorticella. 

5. In addition to the true cilia, what other locomotive organs are 

found among the Infusoria? 

6. What animal forms were included bv J. MtUler in the group Rhi- 

zopoda Badiolaria? 

7. Mention some of the characters by which Grantia is distln* 

guished from other Sponges. 

8. How are the Polythalamia subdivided by SchuHze? 

9. Into what two sections may the Rhizopoda be divided? Distin- 

guish between them. 

10 Give examples of Foraminifera which occur in the primary rocks. 

II. What organised beings were included among the Infusoria of 
Ehrenberg? 

iz. By what single anatomical feature may the Inftisoria be distin- 
guished from other Protozoa? 

13. Distinguish Polycystina from Foraminifera. 

14. Give some account of the * aquiferous system * of the dpongidie. 

1 5. Describe the structure of the seed-like body of Spongilla. 

16. Of what essential structures does the body of an Infhsorium con- 

sist? 

17. What is meant by the term * Sarcode*? 

18. State briefly what is known concerning the development of the 

Rhizopoda. , 

19. What principle guided D'Orbigny in framing his classification of 

the Foraminifera ? 

20. To which of his groups ought Miliolina to be referred? 
II. Why is his arrangement objectionable? 
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21. How do Acanthometra differ from ThalaarieollidflB? 

23. Give some accoant of the mode of propagation among the Gre- 

garinidflB. 

24. Diatingoiflh Yortioella from other stalked forms of Infnaoria. 

25. What is meant by the terms, 'peristome,' 'vestibolom,' 'pharynx,* 

and *cB8ophagas,' as applied to the Infusoria? 

26. In the simple form of Orbitolites, how are the segments of sar- 

code contained in the oatermost zone connected with those of 
the cells belonging to the zone immediately vdthin it? 

27. Give examples of Foraminifera in which the 'shell* is not cal- 

careoQS. 

28. Why are Sponges regarded as members of the Animal Kingdom? 

29. Describe Gregarina Sieboldii. 

30. Mention some examples of Infusoria in which the digestiye 

cavity is fiimished with a second aperture. 

31. Distinguish 'vacuoles ' from ' contractile vesides.' 

32. What is the nature of the so called 'fossil Infusoria'? 

33. What are Thalassicollidae? 

34. Of what geological period are Nnmmnlites chiefly characteristic ? 

35. In what group of the Astomatous Protozoa has true reproduc- 

tion been proved to occur? 

36. Give examples of widely distributed Foraminifera. 

37. Define the terms, 'septum,' 'septal plane, and 'peripheral 

margin.' 

38. How is the digestive process effected in Actinophrys? 

39. How in Vorticella? 

40. Why ought all classifications of the Infusoria which have hitherto 

been proposed to be considered premature? 

41 . Describe the swarm spores of SpongUla. 

42. Explain the mode of growth of the shell in Miliolina. 

43. How is the growth of the shell supposed to take place in Orbito- 

lites? 

44. What position does the ' nucleus ' occupy in the body of an 

Infusorium? 

45. What is the position of the nucleolus? 

46. What functions has Balbiani ascribed to these two organs? 

47. What fiicts have induced him to infer that true reproduction 

occurs in Paramecium ? 

48. Describe Noctiluca miliaris. 

49. Give a resumS of Stein's account of the metamorphoses of Yor- 

ticella miscrostoma. 

50. What is the position of the urticating organs in Bursaria? 
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